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SUMMARY 
A s y s t e m s a n a l y s i s has been c o n d u c t e d on t h e " c h e c k o u t " p r o c e d u r e s 
used i n t h e G e o r g i a Tech Ana log Computer L a b o r a t o r y t o e n s u r e t h e f u n c ­
t i o n a l r e l i a b i l i t y of o p e r a t i o n a l a m p l i f i e r s . The p u r p o s e of t h e s t u d y 
was t o d e t e r m i n e w h e t h e r o r n o t a c h e c k o u t p rogram c o u l d be d e s i g n e d t h a t 
would r e q u i r e l e s s t o t a l e f f o r t t h a n t h a t p r e s e n t l y u sed w h i l e m a i n t a i n i n g 
an e q u i v a l e n t l e v e l of equ ipmen t r e l i a b i l i t y and p e r f o r m a n c e . 
Checkout d a t a c o n s i s t i n g of z e r o - o f f s e t and p e a k - t o - p e a k n o i s e -
a m p l i t u d e r e a d i n g s were c o l l e c t e d from e i g h t o p e r a t i o n a l a m p l i f i e r s o v e r 
a f i v e - m o n t h p e r i o d * I t was found t h a t z e r o - o f f s e t sample a v e r a g e s had 
c o n s i d e r a b l y g r e a t e r d i s p e r s i o n t h a n would be e x p e c t e d from t h e r a n g e s of 
t h e t h r e e r e a d i n g s making up e a c h s a m p l e . The p r o c e s s mean of t h e z e r o 
o f f s e t v a r i e d w i t h t i m e and had d r i f t r a t e s from one t o e i g h t m i c r o v o l t s 
p e r d a y , d e p e n d i n g on t h e a m p l i f i e r and o t h e r f a c t o r s ; i n g e n e r a l , t h e 
d r i f t t e n d e d t o i n c r e a s e t h e o f f s e t from z e r o . D r i f t p a t t e r n s were b r o k e n 
up by r e a d j u s t i n g t h e o f f s e t t o z e r o a f t e r e a c h checkout , , No c o r r e l a t i o n 
was found be tween t h e z e r o - o f f s e t sample a v e r a g e s and t h e c o r r e s p o n d i n g 
p e a k - t o - p e a k n o i s e ampl i tudes* . A l t h o u g h t h e z e r o o f f s e t c o r r e l a t e d w i t h 
room t e m p e r a t u r e o v e r t h e p e r i o d of a s i n g l e d a y , t h i s r e l a t i o n s h i p was 
n o t found t o h o l d f o r p e r i o d s of a week o r m o r e . Z e r o o f f s e t s were n o t 
found t o c o r r e l a t e w i t h t h e p o w e r - s u p p l y v o l t a g e s a p p l i e d t o t h e a m p l i ­
f i e r s „ 
A c h e c k o u t p rogram h a s been p r o p o s e d wh ich s h o u l d be more e f f i ­
c i e n t t h a n t h e one now I n u s e . A s e t of d e c i s i o n r u l e s was f o r m u l a t e d 
v i i 
t o d i a g n o s e t h e g e n e r a l c o n d i t i o n of any a m p l i f i e r ; on t h e b a s i s of a 
c h e c k o u t h i s t o r y c o v e r i n g a p e r i o d of a b o u t two w e e k s , e ach a m p l i f i e r can 
be c a t e g o r i z e d a s b e i n g " C l a s s I S t a b l e , " " C l a s s I I S t a b l e , " o r " U n a c c e p t ­
a b l e . " P r o c e s s c o n t r o l s a r e s p e c i f i e d f o r c h e c k o u t s of a m p l i f i e r s i n 
each of t h e t h r e e c o n d i t i o n s . Those I n t h e f i r s t c a t e g o r y a r e s t a b l e 
enough t o a l l o w t h e u se of s t a n d a r d c o n t r o l - c h a r t t e c h n i q u e s w h i l e t h e 
o t h e r s a r e n o t ; i t i s s u g g e s t e d t h a t a m p l i f i e r s h a v i n g a c c e p t a b l e n o i s e -
a m p l i t u d e l e v e l s and r e l a t i v e l y low z e r o - o f f s e t d i s p e r s i o n be checked o u t 
once a week. A m p l i f i e r s w i t h somewhat l a r g e r z e r o - o f f s e t d i s p e r s i o n s h o u l d 
be checked more f r e q u e n t l y , and i f such d i s p e r s i o n i s v e r y l a r g e o r i f 
t h e n o i s e a m p l i t u d e i s g r e a t , t h e n t h e u n i t s s h o u l d be r e p a i r e d o r r e p l a c e d , 
o r u sed w i t h e x t r e m e c a u t i o n . Q u a n t i t a t i v e v a l u e s a r e g i v e n f o r t h e a p p l i ­
c a t i o n of t h e d e c i s i o n r u l e s and p r o c e s s c o n t r o l s , and i t h a s been found 




The u n d e r l y i n g o b j e c t i v e of t h i s s y s t e m s a n a l y s i s was t o d e t e r m i n e 
ways of m a i n t a i n i n g a complex p i e c e of e q u i p m e n t , such a s an a n a l o g com­
p u t e r , a t a h i g h l e v e l of o p e r a t i o n a l r e a d i n e s s t h r o u g h t h e employment of 
e f f i c i e n t " c h e c k o u t " p r o c e d u r e s , I n g e n e r a l , c h e c k o u t s a r e d e s i g n e d t o 
p r o v i d e i n f o r m a t i o n a b o u t t h e r e a d i n e s s of a s y s t e m on t h e b a s i s of m e a s ­
u remen t s made on one o r more c o n s t i t u e n t e l emen t s , , I t i s t h u s i m p l i e d 
t h a t a s i g n i f i c a n t change I n t h e v a l u e of a p a r a m e t e r of any component 
w i t h i n t h e s y s t e m w i l l be e v i d e n c e d by t h e s e m e a s u r e m e n t s . The p r e s e n t 
s t u d y i s p r i m a r i l y c o n c e r n e d w i t h t h e e f f e c t s of component d e t e r i o r a t i o n 
r a t h e r t h a n c a t a s t r o p h i c f a i l u r e s - — a l t h o u g h I t i s r e c o g n i z e d t h a t t h e 
l a t t e r o f t e n c o r r e l a t e w i t h t h e d e g r e e of d e t e r i o r a t i o n a t t a i n e d a t t h e 
t ime of s u c h f a i l u r e s . , 
The e x p e r i m e n t a l poi^ t ion of t h i s s t u d y was c a r r i e d o u t w i t h t h e 
c o o p e r a t i o n of t h e s t a f f of t h e G e o r g i a Tech Ana log Computer L a b o r a t o r y . 
A p rogram was e s t a b l i s h e d whose p u r p o s e was t o examine t h e e x i s t i n g c h e c k ­
o u t p r o c e d u r e s f o r a p a r t i c u l a r c l a s s of a n a l o g - c o m p u t e r components known 
a s " o p e r a t i o n a l a m p l i f i e r s , " and t o d e t e r m i n e p o s s i b l e means of r e d u c i n g 
t h e t o t a l e f f o r t r e q u i r e d f o r such c h e c k o u t s w h i l e m a i n t a i n i n g e x i s t i n g 
l e v e l s of equ ipmen t r e l i a b i l i t y and p e r f o r m a n c e . S i n c e any s i g n i f i c a n t 
r e d u c t i o n i n c h e c k o u t e f f o r t would r e s u l t i n i n c r e a s e d a v a i l a b i l i t y of 
t h e compu te r f o r p r o b l e m s o l v i n g , t h e p rogram was of c o n s i d e r a b l e i n t e r ­
e s t t o t h e L a b o r a t o r y i t s e l f a 
2 
As p a r t of t h e r o u t i n e p r e v e n t i v e - m a i n t e n a n c e p r o c e d u r e f o l l o w e d 
by t h e Ana log Computer L a b o r a t o r y , e v e r y o p e r a t i o n a l a m p l i f i e r i s g i v e n 
c e r t a i n s t a n d a r d f u n c t i o n a l t e s t s a t t h e s t a r t of e a c h w o r k i n g d a y . T h i s 
c h e c k o u t p r o c e s s c o n s i s t s of two s t e p s : m e a s u r i n g t h e a m p l i f i e r ' s d i r e c t -
v o l t a g e o u t p u t when i t s i n p u t i s g rounded and i t i s d i s c o n n e c t e d from a 
comput ing c i r c u i t (we w i l l h e r e a f t e r c a l l t h i s a " z e r o - o f f s e t r e a d i n g " ) ; 
and , u n d e r t h e same c o n d i t i o n s , m e a s u r i n g t h e p e a k - t o - p e a k a l t e r n a t i n g -
v o l t a g e o u t p u t (which we w i l l h e r e a f t e r c a l l t h e " n o i s e a m p l i t u d e " ) . 
P r e s e n t c h e c k o u t c r i t e r i a r e q u i r e t h a t e a c h z e r o - o f f s e t r e a d i n g be w i t h i n 
p l u s o r minus 100 m i c r o v o l t s of z e r o , and t h a t t h e a s s o c i a t e d n o i s e a m p l i ­
t u d e be l e s s t h a n 20 m i l l i v o l t s . I f an a m p l i f i e r d o e s n o t conform t o 
t h e s e r e q u i r e m e n t s , i t i s r e a d j u s t e d ; i f s a t i s f a c t o r y r e a d j u s t m e n t c a n n o t 
be a c c o m p l i s h e d , t h e u n i t i s removed and r e p l a c e d . 
I n k e e p i n g w i t h t h e p u r p o s e s t a t e d a b o v e , an e x p e r i m e n t a l p rogram 
was d e s i g n e d t o answer t h e f o l l o w i n g q u e s t i o n s : 
( a ) I s i t p o s s i b l e t o p r e d i c t t h e d r i f t of t h e z e r o - o f f s e t v a l u e 
a s a f u n c t i o n of t i m e ? 
(b) Should t h e z e r o - o f f s e t v a l u e be r e a d j u s t e d t o z e r o a f t e r e ach 
c h e c k o u t ? I f n o t , when s h o u l d i t be r e a d j u s t e d ? 
( c ) I s t h e r e any c o r r e l a t i o n be tween t h e z e r o - o f f s e t r e a d i n g and 
t h e c o r r e s p o n d i n g n o i s e - a m p l i t u d e v a l u e ? 
(d ) Do e n v i r o n m e n t a l f a c t o r s , such a s room t e m p e r a t u r e and p o w e r -
s u p p l y o u t p u t v o l t a g e s , c o r r e l a t e w i t h i n d i v i d u a l z e r o - o f f s e t 
a n d / o r n o i s e - a m p l i t u d e r e a d i n g s ? ' 
( e ) Can an o p e r a t i o n a l - a m p l i f i e r c h e c k o u t p rog ram be d e s i g n e d 
which w i l l r e q u i r e f ewer t h a n t h e p r e s e n t number of d a i l y 
c h e c k o u t s w h i l e m a i n t a i n i n g t h e p r e s e n t l e v e l of d e p e n d a b i l i t y ? 
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I n o r d e r t o answer t h e s e s p e c i f i c q u e s t i o n s , i t was e v i d e n t t h a t t h e study-
would have t o d e t e r m i n e t h e p r e d i c t i v e c a p a b i l i t y of a s equence of c h e c k ­
o u t r e a d i n g s , and d e m o n s t r a t e t h e a p p l i c a b i l i t y of a n y c h e c k o u t p rogram 
s u g g e s t e d by t h e l a s t q u e s t i o n . 
The d a t a - c o l l e c t i o n p o r t i o n of t h e s t u d y was c o n d u c t e d from 10 
F e b r u a r y t h r o u g h 3 J u l y 1959° Sample r e a d i n g s of t h e z e r o - o f f s e t l e v e l 
and n o i s e a m p l i t u d e were t a k e n t h r o u g h o u t t h e e n t i r e p e r i o d ; i n a d d i t i o n , 
p o w e r - s u p p l y v o l t a g e s were r e c o r d e d a f t e r 20 F e b r u a r y , and r o o m - t e m p e r a t u r e 
v a l u e s a f t e r 9 A p r i l . T h i s d a t a - c o l l e c t i o n e f f o r t i s d i s c u s s e d i n d e t a i l 
i n C h a p t e r I I I , 
Li 
CHAPTER I I 
EQUIPMENT 
Ana log Compute r s .—A g e n e r a l - p u r p o s e , d i r e c t - c u r r e n t , e l e c t r o n i c a n a l o g 
compute r such a s t h e one shown i n F i g u r e 1 i s a c o l l e c t i o n of e l e c t r o n i c 
and e l e c t r o m e c h a n i c a l d e v i c e s so a r r a n g e d t h a t t h e y may be c o n v e n i e n t l y 
i n t e r c o n n e c t e d t o form a. s y s t e m i n which t h e o u t p u t v o l t a g e s v a r y w i t h 
t ime i n a c c o r d a n c e w i t h a g i v e n s e t of d i f f e r e n t i a l e q u a t i o n s . The i m p o r ­
t a n t f u n c t i o n a l components c o n s i s t of p o t e n t i o m e t e r s , summers, i n t e g r a t o r s , 
m u l t i p l i e r s , f u n c t i o n g e n e r a t o r s , r e s o l v e r s , and r e c o r d e r s . I n t h e a v e r ­
age compute r p r o b l e m , summers and i n t e g r a t o r s f a r ou tnumber a l l o t h e r 
a c t i v e d e v i c e s ; m o r e o v e r , b o t h of t h e s e major u n i t s a r e formed by c o n ­
n e c t i n g a p p r o p r i a t e s e r i e s and f e e d b a c k e l e m e n t s t o i n d i v i d u a l o p e r a t i o n a l 
a m p l i f i e r s . 
The s t a t e o r c o n d i t i o n of t h e compute r a s a whole i s t h u s l a r g e l y 
d e t e r m i n e d by t h e c o n d i t i o n of t h e c o n s t i t u e n t o p e r a t i o n a l a m p l i f i e r s . 
A l t h o u g h n o n l i n e a r d e v i c e s such a s m u l t i p l i e r s , f u n c t i o n g e n e r a t o r s , and 
r e s o l v e r s a r e more complex and l e s s r e l i a b l e , t h e y a r e so few i n number 
( c o m p a r a t i v e l y s p e a k i n g ) t h a t t h e y can be g i v e n i n d i v i d u a l c h e c k s p r i o r 
t o u s e ; on t h e o t h e r hand , o p e r a t i o n a l a m p l i f i e r s a r e so numerous a s t o 
p r e c l u d e such d e t a i l e d i n s p e c t i o n . I t a p p e a r s l o g i c a l , t h e r e f o r e , t o 
measure t h e c o n d i t i o n of t h e a m p l i f i e r s by s t a t i s t i c a l t e c h n i q u e s d e s i g n e d 
t o min imize t h e r i s k of u s i n g a m a l f u n c t i o n i n g component i n a compute r 
p r o b l e m , w h i l e m a i n t a i n i n g c h e c k o u t economy and c o n v e n i e n c e . 
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F i g u r e 1 . Ana log Computer L a b o r a t o r y a t R e s e a r c h A r e a LL, G e o r g i a I n s t i ­
t u t e of T e c h n o l o g y . 
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O p e r a t i o n a l A m p l i f i e r s . — T h e o p e r a t i o n a l a m p l i f i e r s u sed i n t h e Georg ia 
Tech Ana log Computer L a b o r a t o r y a r e t y p i c a l modern, c h o p p e r - s t a b i l i z e d , 
d i r e c t - c u r r e n t a m p l i f i e r s . The t h e o r y of o p e r a t i o n and d e s i g n of such 
d e v i c e s a r e a d e q u a t e l y d e s c r i b e d I n t h e l i t e r a t u r e ( l , 2 , 3)«'"' B r i e f l y , 
t h e s e a m p l i f i e r s a r e d e s i g n e d t o d e l i v e r an e l e c t r i c a l o u t p u t p r o p o r t i o n a l 
t o a s m a l l s i g n a l a p p l i e d a t t h e i n p u t ; t h e c o n s t a n t of p r o p o r t i o n a l i t y 
( g a i n ) i s t y p i c a l l y of t h e o r d e r of 10^ t o 1.0^. 
P r i n c i p a l e l e m e n t s i n a m p l i f i e r s of t h i s t y p e a r e shown i n F i g ­
u r e 2 . The i n p u t and f e e d b a c k impedances—marked and Z^., r e s p e o - . 
t i v e l y — m a y be chosen t o i n s t r u m e n t a wide v a r i e t y of t r a n s f e r f u n c t i o n s 
f o r m a t h e m a t i c a l o p e r a t i o n s . . The most common f u n c t i o n a l u n i t s t h u s formed 
a r e summers and i n t e g r a t o r s . Fo r summers, b o t h impedances a r e r e s i s t i v e ; 
f o r i n t e g r a t o r s , Z^ i s r e s i s t i v e and Z^ i s c a p a c i t i v e , 
A s c h e m a t i c of t h e B e r k e l e y Model-10li8 o p e r a t i o n a l a m p l i f i e r used 
i n t h i s s t u d y i s p r e s e n t e d i n F i g u r e 3... The packaged u n i t i s shown i n 
F i g u r e 1;. When i n compute r s e r v i c e , t e n a m p l i f i e r s a r e housed i n a 
moun t ing p a n e l which p r o v i d e s a m e t e r and n e c e s s a r y s w i t c h e s f o r z e r o -
o f f s e t m e a s u r e m e n t s , a s shown i n F i g u r e 5* Each s u c h p a n e l i s s e r v e d by 
a s i n g l e power s u p p l y . The i n p u t and o u t p u t t e r m i n a l s of e a c h a m p l i f i e r 
a r e made a v a i l a b l e t h r o u g h s h i e l d e d l e a d s a t a c e n t r a l i z e d p a t c h bay , on 
which i n d i v i d u a l , a m p l i f i e r s (and o t h e r components of t h e compu te r ) may be 
p r o p e r l y i n t e r c o n n e c t e d f o r p rob l em s o l v i n g . 
D r i f t and N o i s e i n an O p e r a t i o n a l A m p l i f i e r . - - F i g u r e 6 d e p i c t s t h e c i r ­
c u i t a r r a n g e m e n t used f o r m e a s u r i n g z e r o - o f f s e t v o l t a g e i n an o p e r a t i o n a l 
"Numbers i n p a r e n t h e s e s r e f e r t o i t e m s l i s t e d i n t h e B i b l i o g r a p h y . 
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F i g u r e 3 . Schema t i c of t h e B e r k e l e y Model-10i;8 O p e r a t i o n a l A m p l i f i e r . 
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F i g u r e A B e r k e l e y Model -10l ; l O p e r a t i o n a l - A m p l i f i e r P a n e l Mount ing 
Ten A m p l i f i e r s . 
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A / W V 
F i g u r e 6 . C i r c u i t f o r M e a s u r i n g t h e Z e r o - O f f s e t V o l t a g e . 
Output 
Voltage 
F i g u r e 7 . N o i s e and D r i f t a t t h e Ou tpu t of an O p e r a t i o n a l A m p l i f i e r . 
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a m p l i f i e r ; t h e i n p u t i s g rounded t h r o u g h a r e s i s t a n c e R , and a f e e d b a c k 
r e s i s t a n c e , R^, i s c o n n e c t e d be tween o u t p u t and i n p u t t e r m i n a l s . Any 
o u t p u t v o l t a g e from an a m p l i f i e r so c o n n e c t e d i s u n d e s i r a b l e and w i l l 
c o n t r i b u t e e r r o r s t o p r o b l e m s o l u t i o n s when used i n a comput ing c i r c u i t . 
These u n d e s i r a b l e v o l t a g e o u t p u t s may be d i v i d e d i n t o two p a r t s on t h e 
b a s i s of t h e r a p i d i t y of f l u c t u a t i o n s : " n o i s e " i s commonly u n d e r s t o o d t o 
mean t h e h i g h e r - f r e q u e n c y componen t s , w h e r e a s " d r i f t " r e f e r s t o r e l a t i v e l y 
s low o r g r a d u a l o u t p u t v a r i a t i o n s . T h i s d i s t i n c t i o n has a v e r y r e a l s i g ­
n i f i c a n c e i n t e r m s of p r o b l e m s o l u t i o n e r r o r s , s i n c e t h e n o i s e component 
may be i n t e g r a t e d t o z e r o d u r i n g t h e c o u r s e of a s o l u t i o n , b u t t h e d r i f t 
w i l l u s u a l l y c o n t r i b u t e s u b s t a n t i a l e r r o r s t h r o u g h i n t e g r a t i o n . (The 
t e r m " z e r o o f f s e t , " o f t e n used synonymous ly w i t h " d r i f t " i n t h e l i t e r a t u r e , 
a c t u a l l y r e f e r s t o t h e v a l u e of t h e d r i f t component measured a t some p a r ­
t i c u l a r t i m e . ) I n g e n e r a l , o v e r a s h o r t t ime i n t e r v a l , t h e z e r o o f f s e t 
may be t h o u g h t of a s t h e d i r e c t - c u r r e n t component of u n d e s i r a b l e o u t p u t , 
and t h e n o i s e a s t h e a l t e r n a t i n g - c u r r e n t component . Th i s u s e f u l c o n c e p t , 
shown g r a p h i c a l l y i n F i g u r e 7, i s s u p p o r t e d by t h e u s u a l p r a c t i c e of 
d e f i n i n g t h e n o i s e mean a s z e r o . 
The n o i s e and z e r o o f f s e t d e s c r i b e d above can be a t t r i b u t e d t o 
v a r i o u s f a c t o r s , t h e most i m p o r t a n t b e i n g t h e f o l l o w i n g : changes i n 
o p e r a t i n g l e v e l s of component p a r t s w i t h t i m e , t e m p e r a t u r e , and h u m i d i t y ; 
e l e c t r o m a g n e t i c i n d u c t i v e p i c k u p from r a d i o - f r e q u e n c y and 6 0 - c y c l e s o u r c e s ; 
g r o u n d - r e s i s t a n c e v a r i a t i o n ( b o t h i n c h a s s i s c o n n e c t i o n s and i n e a r t h -
ground c o n n e c t i o n s ) ; and i n t e r n a l o r component " n o i s e . " I t i s r e a s o n a b l e 
t o c o n s i d e r c o m p o n e n t - v a l u e and g r o u n d - r e s i s t a n c e c h a n g e s due t o t e m p e r a ­
t u r e and h u m i d i t y a s f a c t o r s which a f f e c t t h e z e r o - o f f s e t d r i f t ; n o i s e 
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can l i k e w i s e be a s c r i b e d t o t u b e , r e s i s t o r , c o n d e n s e r , and ground n n o i s e , " 
and t o e l e c t r o m a g n e t i c p i c k u p . However, b e c a u s e of t h e c o m p l e x i t y of t h e 
p rob lem, I t i s n o t p o s s i b l e t o d e t e r m i n e an e x a c t f u n c t i o n a l r e l a t i o n s h i p 
be tween a p a r t i c u l a r c o m b i n a t i o n of t h e s e f a c t o r s and t h e z e r o - o f f s e t and 
n o i s e o u t p u t s . T h i s f a c t l e n d s s u p p o r t t o t h e c o n t e n t i o n t h a t t h e most 
p r o f i t a b l e a p p r o a c h t o t h e p rob l em of d e t e r m i n i n g t h e c o n d i t i o n of an 
a m p l i f i e r I s t h r o u g h s t a t i s t i c a l methods a p p l i e d t o z e r o - o f f s e t and n o i s e -
a m p l i t u d e r e a d i n g s . 
Measurement of D r i f t and Noise. .—As was s u g g e s t e d i n t h e p r e c e d i n g s e c t i o n , 
measurements of an a m p l i f i e r 1 s n o i s e - a m p l i t u d e and z e r o - o f f s e t v o l t a g e s 
p r o v i d e i n f o r m a t i o n a b o u t t h e s t a t i c c o n d i t i o n of t h e a m p l i f i e r r a t h e r 
t h a n a b o u t i t s dynamic c a p a b i l i t y . C o n s e q u e n t l y , d e s i g n f a c t o r s which 
l i m i t t h e dynamic c a p a b i l i t y of t h e s e a m p l i f i e r s a r e n o t i n c l u d e d i n t h i s 
s t u d y . The f a c t t h a t t h e s e l i m i t a t i o n s ( t o g e t h e r w i t h m a t h e m a t i c a l and 
programming b l u n d e r s ) g i v e r i s e t o e r r o r s i n t h e comput ing p r o c e s s , has 
r e c e i v e d c o n s i d e r a b l e a t t e n t i o n i n t h e l i t e r a t u r e ( i ; ) . 
The o p e r a t i o n a l a m p l i f i e r s s t u d i e d d u r i n g t h i s p rogram were c o n ­
n e c t e d a s shown I n F i g u r e 6 w i t h r e s i s t o r s R„ = 1 megohm and R = 1000 
f b g 
ohms, g i v i n g t h e s y s t e m an o v e r a l l v o l t a g e g a i n of 1000 and an a t t e n d a n t 
s i g n r e v e r s a l ( l 8 0 ° e l e c t r i c a l ph'ase s h i f t ) . S p u r i o u s s i g n a l s g e n e r a t e d 
i n t h e o p e r a t i o n a l a m p l i f i e r a r e a m p l i f i e d t o an e x t e n t d e p e n d e n t on t h e 
number of s t a g e s p a s s e d t h r o u g h from t h e i r i n c e p t i o n t o t h e f i n a l , a m p l i ­
f i e r o u t p u t . O t h e r z e r o - o f f s e t v o l t a g e and n o i s e s o u r c e s a r e found i n 
e l e m e n t s c o m p r i s i n g t h e ground l o o p . The z e r o o f f s e t i s r e a d w i t h a 
v o l t m e t e r g r a d u a t e d a t - 1 0 0 , - 5 0 , 0 , +50., and +100 m i c r o v o l t s ( a s s e e n 
i n F i g u r e 5)» An o s c i l l o s c o p e c a l i b r a t e d i n m i l l i v o l t s p l a c e d i n p a r a l l e l 
13 
w i t h t h e d r i f t m e t e r i s used t o measure t h e p e a k - t o - p e a k n o i s e ampl i tude- . 
Env i ronmen ta l , p a r a m e t e r s t h a t have been measured d u r i n g p o r t i o n s of 
t h i s p rog ram a r e a s f o l l o w s : ( a ) t h e +l\.^0- and - I r^O-vo l t o u t p u t s of t h e 
d i r e c t - c u r r e n t power s u p p l i e s s e r v i n g two o p e r a t i o n a l - a m p l i f i e r p a n e l s , 
and (b) t h e a m b i e n t t e m p e r a t u r e i n t h e compute r room-. I n a d d i t i o n , a 
r e c o r d was made of comments by t h e t e c h n i c i a n on t h e p e r f o r m a n c e of t h e 
equ ipment e a c h t i m e a s e t of measurements was t a k e n . 
P r e v e n t i v e - M a i n t e n a n c e and Checkout P r o c e d u r e s . — I n o r d e r t o e n s u r e a 
h i g h l e v e l of a c c u r a c y t h e G e o r g i a Tech Ana log Computer L a b o r a t o r y c o n ­
d u c t s a p r e v e n t i v e - m a i n t e n a n c e p rogram which i n c l u d e s b e n c h - t e s t i n g e a c h 
a m p l i f i e r e v e r y two m o n t h s , a s w e l l a s a prompt and e f f i c i e n t r e p a i r s e r ­
v ice . . 
I n a d d i t i o n , and of p a r t i c u l a r i m p o r t a n c e t o t h i s s t u d y , an e x t e n ­
s i v e c h e c k o u t p rog ram i s m a i n t a i n e d . E v e r y morn ing t h e z e r o o f f s e t and 
p e a k - t o - p e a k n o i s e a m p l i t u d e of e a c h a m p l i f i e r a r e m e a s u r e d . I f t h e 
magn i tude of t h e z e r o - o f f s e t r e a d i n g i s g r e a t e r t h a n 100 m i c r o v o l t s , t h e 
a m p l i f i e r i s r e a d j u s t e d t o r e d u c e t h e o f f s e t t o a p p r o x i m a t e l y z e r o . I f 
t h i s a d j u s t m e n t c a n n o t be made, t h e u n i t i s removed and r e p a i r e d . L i k e ­
w i s e , t h e a m p l i f i e r I s r e p a i r e d i f t h e p e a k - t o - p e a k n o i s e a m p l i t u d e e x c e e d s 
20 m i l l i v o l t s - . Any o t h e r o p e r a t i o n a l p e c u l i a r i t y o b s e r v e d d u r i n g c h e c k ­
ou t i s c o r r e c t e d by e i t h e r a d j u s t i n g o r r e p a i r i n g t h e a m p l i f i e r . As a 
f u r t h e r means of m o n i t o r i n g t h e s t a t u s of t h e compu te r componen t s , check 
r u n s a r e made f o r e v e r y p rog ram of c o n s e q u e n c e i n o r d e r t o t e s t t h e p e r ­
formance of t h e s y s t e m and t o i s o l a t e m a t h e m a t i c a l and programming e r r o r s . 
These c h e c k - r u n r e s u l t s a r e t h e n compared w i t h a n a l y t i c a l l y o r n u m e r i c a l l y 
d e t e r m i n e d v a l u e s . I n t h e f a c e of such p r e c a u t i o n a r y m e a s u r e s , a p rob l em 
Ill 
I s n o t l i k e l y t o be r u n w i t h a m a l f u n c t i o n i n g componen t—though i t i s 
p o s s i b l e t h a t an a m p l i f i e r , f o r example , migh t be e r r a t i c and g i v e t h e 
c o r r e c t r e s u l t s d u r i n g a check r u n b u t d e v e l o p z e r o - o f f s e t o r n o i s e 
e r r o r s d u r i n g an a c t u a l , r u n . The m a i n t e n a n c e p rog ram d e s c r i b e d above 
min imizes t h e l i k e l i h o o d t h a t t h i s w i l l occur. . 
U n f o r t u n a t e l y , r o u t i n e d a i l y c h e c k o u t s f o r a l a r g e a n a l o g - c o m p u t e r 
f a c i l i t y migh t r e q u i r e p r o h i b i t i v e amounts of time-, A l e s s : e x t e n s i v e 
c h e c k o u t p rogram would o b v i o u s l y be d e s i r a b l e i f i t s u se d i d n o t s i g ­
n i f i c a n t l y i n c r e a s e t h e p r o b a b i l i t y of f a i l u r e d u r i n g a p a r t i c u l a r com­
p u t e r r u n . 
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CHAPTER I I I 
DATA COLLECTION AND REDUCTION 
Program.-—In o r d e r t o d e s i g n an e x p e r i m e n t wh ich would p r o v i d e a n s w e r s t o 
t h e q u e s t i o n s s t a t e d i n t h e I n t r o d u c t i o n , c e r t a i n e x p e c t e d r e l a t i o n s h i p s 
be tween o p e r a t i o n a l a m p l i f i e r s w i t h i n t h e a n a l o g compute r had t o be t a k e n 
i n t o a c c o u n t — n a m e l y , t h a t a m p l i f i e r s i n t h e compute r a r e n o t l i k e l y t o 
p e r f o r m i d e n t i c a l l y , b u t t h o s e w i t h i n a g i v e n moun t ing p a n e l may t e n d t o 
behave s i m i l a r l y . T h i s l a t t e r c h a r a c t e r i s t i c i s p o s s i b l e b e c a u s e a l l 
a m p l i f i e r s i n any one pane] , a r e f e d from t h e same power s u p p l y and a r e 
s u b j e c t t o v i r t u a l l y i d e n t i c a l t e m p e r a t u r e e n v i r o n m e n t s . Hence , f o u r 
o p e r a t i o n a l a m p l i f i e r s were s e l e c t e d a t random from each of two moun t ing 
p a n e l s ; p a i r s of t h e s e a m p l i f i e r s were a r r a n g e d t o i d e n t i f y t h e e f f e c t s 
of e i t h e r r e a d j u s t i n g o r n o t r e a d j u s t i n g t h e z e r o - o f f s e t a f t e r e a c h c h e c k ­
o u t . The e x p e r i m e n t a l d e s i g n i s summarized i n t h e a r r a y b e l o w . 
O p e r a t i o n a l - A m p l i f i e r 
P a n e l 231 
O p e r a t i o n a l - A m p l i f i e r 
P a n e l 239 
Z e r o - O f f s e t 
R e a d j u s t e d t o Zero 
A f t e r Each Checkou t 
A m p l i f i e r s 16 and 19 A m p l i f i e r s 26 and 30 
Z e r o - O f f s e t 
Not R e a d j u s t e d 
A f t e r Each Checkou t 
A m p l i f i e r s 12 and 17 A m p l i f i e r s 21 and 29 
At t h e o u t s e t of t h e d a t a - c o l l e c t i o n p rog ram, t h e s e e i g h t a m p l i ­
f i e r s were marked s o t h a t t h e y would n o t be checked o u t , r e a d j u s t e d , o r 
t ampered w i t h e x c e p t f o r c o l l e c t i n g d a t a f o r t h i s s t u d y ( t h o u g h t h e i r u se 
16 
i n comput ing c i r c u i t s was p e r m i t t e d ) . I n a d d i t i o n t o t h e r e c o r d i n g of 
n u m e r i c a l i n f o r m a t i o n , n o t e s were made of any u n u s u a l o p e r a t i o n a l o r 
e n v i r o n m e n t a l o c c u r r e n c e s , so t h a t t h e h i s t o r y of e ach of t h e s e a m p l i ­
f i e r s was a c c u r a t e l y known f o r t h e f i v e - m o n t h d a t a - c o l l e c t i o n p e r i o d . 
Z e r o - o f f s e t d a t a were c o l l e c t e d i n samples of t h r e e r e a d i n g s . I n 
o r d e r t h a t e a c h r e a d i n g i n a sample m i g h t be i n d e p e n d e n t of p r e v i o u s o n e s , 
t h e r e a d i n g s were s e p a r a t e d by i n t e r v a l s of 15 -30 s e c o n d s , ( T h i s a l l o w e d 
t r a n s i e n t s t o d i e o u t a f t e r t h e y were g e n e r a t e d by t h e d e p r e s s i o n of t h e 
t o g g l e s w i t c h which d i s c o n n e c t e d t h e a m p l i f i e r f rom t h e compute r c i r c u i t 
and c o n n e c t e d i t t o t h e m e t e r and ground a s shown i n F i g u r e 6 . ) Off-
s c a l e r e a d i n g s were so i n d i c a t e d , w i t h t h e i r p l u s o r minus d i r e c t i o n s 
n o t e d . I n c a s e s where o s c i l l a t i o n s o r e x c e s s i v e j i t t e r p r e c l u d e d z e r o -
o f f s e t r e a d i n g s , t h i s f a c t was r e c o r d e d on t h e d a t a s h e e t , A d d i t i o n a l 
i n s t r u c t i o n s t o t h e t e c i i n i c i a n who p e r f o r m e d t h e c h e c k o u t s f o r t h i s s t u d y 
p rog ram i n c l u d e d : 
( a ) The z e r o - o f f s e t f o r e a c h a m p l i f i e r was t o be r e a d j u s t e d t o 
z e r o a t t h e o u t s e t of t h e p rog ram, 
(b) Read ings were t o be t a k e n each morn ing no e a r l i e r t h a n one 
h o u r a f t e r t h e p l a t e v o l t a g e s had been a p p l i e d . 
( c ) Those a m p l i f i e r s which were n o t t o be r e a d j u s t e d were t o 
have t h e i r a d j u s t m e n t s c r e w s c o v e r e d w i t h t a p e , and no 
a d j u s t m e n t was t o be made w i t h o u t a d i r e c t r e q u e s t from t h e 
a u t h o r . 
(d ) Those a m p l i f i e r s wh ich were t o be r e a d j u s t e d were t o be 
r e z e r o e d a f t e r e a c h sample of t h r e e r e a d i n g s * 
( e ) Z e r o - o f f s e t r e a d i n g s were t o be r e c o r d e d t o t h e n e a r e s t 5 
m i c r o v o l t s and n o i s e a m p l i t u d e s t o t h e n e a r e s t 1 m i l l i v o l t . 
The s i n g l e p e a k - t o - p e a k n o i s e - a m p l i t u d e measurement was made immer 
d i a t e l y a f t e r t h e t h r e e z e r o - o f f s e t r e a d i n g s had b e e n t a k e n . The t e c h n i q u e 
used f o r t h i s measurement was t o d i s p l a y t h e a m p l i f i e r ' s n o i s e o u t p u t on 
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an o s c i l l o s c o p e , a d j u s t i n g t h e sweep r a t e t o match t h e a v e r a g e f r e q u e n c y 
of t h e n o i s e , so t h a t a r e l a t i v e l y s t a b l e p a t t e r n a p p e a r e d on t h e f a c e of 
t h e c a t h o d e - r a y t u b e . Wi th t h i s t e c h n i q u e , t h e a v e r a g e p e a k - t o - p e a k n o i s e 
cou ld be r e a d t o t h e s p e c i f i e d 1 - m i l l i v o l t p r e c i s i o n q u i t e e a s i l y . 
Because i t was s u s p e c t e d t h a t t h e o b s e r v e d d a t a b e h a v i o r migh t be 
r e l a t e d t o e n v i r o n m e n t a l p a r a m e t e r s , a f t e r 23 F e b r u a r y t h e p o w e r - s u p p l y 
o u t p u t was r e c o r d e d t o t h e n e a r e s t 0 , 1 v o l t whenever z e r o - o f f s e t and 
n o i s e - a m p l i t u d e d a t a were c o l l e c t e d ; and , b e g i n n i n g on 9 A p r i l , a r e c o r d 
was a l s o made of t h e room t e m p e r a t u r e t o t h e n e a r e s t 0 , 1 d e g r e e c e n t i ­
g r a d e whenever c h e c k o u t d a t a were c o l l e c t e d . I t was hoped t h a t o b s e r v e d 
v a r i a t i o n s i n z e r o - o f f s e t v a l u e s would c o r r e l a t e w i t h t h e v a r i a t i o n s i n 
p o w e r - s u p p l y v o l t a g e and room t e m p e r a t u r e . 
A l l d a t a were t a k e n as d e s c r i b e d a b o v e , b u t were c o l l e c t e d i n 
t h r e e d i s t i n c t c h e c k o u t s e q u e n c e s . The i n i t i a l s e q u e n c e , wh ich we w i l l 
d e s i g n a t e " l o n g t e r m , " c o n s i s t e d of lr5 d a i l y s a m p l e s , c o l l e c t e d on v a r i o u s 
days d u r i n g a 1 0 7 - d a y I n t e r v a l . The s e c o n d , d e s i g n a t e d " s h o r t t e r m , " 
c o n s i s t e d of s amples t a k e n e v e r y h o u r f rom 9 a . m . t o 5 p .m. from two 
a m p l i f i e r s on t h r e e c o n s e c u t i v e d a y s ; t h i s s e q u e n c e was d e s i g n e d t o 
r e v e a l t h e w i t h i n - d a y v a r i a t i o n of t h e z e r o - o f f s e t r e a d i n g s . The t h i r d , 
d e s i g n a t e d " t h r e e w e e k , " c o n s i s t e d of s amples t a k e n from a l l t h e a m p l i ­
f i e r s a t 9 a . m . , 1 p . m . , and 5 p .m. on c o n s e c u t i v e w o r k i n g d a y s f o r n e a r l y 
t h r e e w e e k s ; t h i s s e q u e n c e was d e s i g n e d t o show v a r i a t i o n s i n z e r o - o f f s e t 
d r i f t a t c l o s e l y c o n t r o l l e d t i m e s on s u c c e s s i v e d a y s of a c t u a l computer 
o p e r a t i o n . The d u r a t i o n s of t h e l a t t e r two d a t a - c o l l e c t i o n s e q u e n c e s 
were n e c e s s a r i l y l i m i t e d , b e c a u s e of i n c o n v e n i e n c e s imposed on t h e Ana log 
Computer L a b o r a t o r y by t h e l o s s of b o t h t e c h n i c i a n and compu te r t i m e . 
T a b l e 1 . Number and Kinds of Z e r o - O f f s e t and N o i s e - A m p l i t u d e Da ta C o l l e c t e d 
Number Of Number of Z e r o - O f f s e t Samples 
Da ta 
S e q u e n c e : 






P e r Day A m p l i f i e r 
Sample 
S i z e 
3 
I n c o m p l e t e 
Sample 
S i z e 






S c a l e T o t a l 
Number of 
N o i s e - A m p l i t u d e 
Read ings 
Long Term: 
10 F e b , - 2 7 May 






















































S h o r t Term. 3 9 12 26 0 0 0 26 26 
12-11; - A p r i l 16 26 0 0 0 2 ^ , 26 
Three Week; 
15 J u n e - 2 J u l y 

























































Tab le 1 summar izes t h e number and. k i n d of z e r o - o f f s e t s amp le s c o l l e c t e d 
d u r i n g t h e s e t h r e e d a t a - c o l l e c t i o n se r i e s . " "" 
S e v e r a l f e a t u r e s i n t h i s t a b l e d e s e r v e comment: 
( a ) "Data Days" r e f e r t o t h e number of days on which d a t a was 
c o l l e c t e d . 
(b ) E x p e c t e d samples p e r day a r e t h e number s c h e d u l e d f o r t h a t 
d a t a s e r i e s ; c o m p l e t e s a m p l i n g was n o t p o s s i b l e i n a l l cases- . 
( c ) I n c o m p l e t e s amples of s i z e one o r two were e n c o u n t e r e d ; t h e 
m i s s i n g r e a d i n g s were due t o e x c e s s i v e m e t e r j i t t e r a n d / o r 
o s c i l l a t i o n s . 
(d ) I t w i l l be n o t e d t h a t t h e s h o r t - t e r m s e r i e s f a l l s w i t h i n t h e 
l o n g - t e r m i n t e r v a l ; a s a r e s u l t , one sample from each of 
two da ta , d a y s i s common t o b o t h s e r i e s f o r A m p l i f i e r s 1.2 
and 1 6 . 
The number of e n v i r o n m e n t a l r e a d i n g s i n e a c h d a t a s e q u e n c e a r e 
summarized b e l o w : 
T a b l e 2„ Number of E n v i r o n m e n t a l Da ta C o l l e c t e d 
E n v i r o n m e n t a l Da ta S e q u e n c e : Number of 
Da ta D a t e s : From-To O b s e r v a t i o n s 
Power -Supp ly Long Term: 23 F e b r u a r y - 2 7 May 38 
V o l t a g e S h o r t Term: 2-11; A p r i l 26 
Three Week: 15 J u n e - 2 J u l y 35 
Room Long Term: 9 A p r i l - 2 7 May 13 
T e m p e r a t u r e S h o r t Term: 2-11; A p r i l 26 
Three Week: 15 J u n e - 2 J u l y 35 
A The a c t u a l d a t a c o l l e c t e d d u r i n g t h i s s t u d y a r e r e p r o d u c e d i n 
t h e A p p e n d i x , 
20 
Z e r o - O f f s e t Sample-Average D a t a , - - Z e r o - o f f s e t sample a v e r a g e s f o r a l l d a t a 
c o l l e c t e d d u r i n g t h i s p rogram a r e p l o t t e d i n F i g u r e s 8 t h r o u g h 1 2 . F i g u r e s 
8 and 9 d i s p l a y d a t a from t h e l o n g - t e r m s e r i e s , F i g u r e 10 p r e s e n t s t h e 
s h o r t - t e r m d a t a , and F i g u r e s 11 and 12 show t h e r e s u l t s of t h e t h r e e - w e e k 
s e r i e s . Each f i g u r e i n c l u d e s a p a i r of c h a r t s p e r t a i n i n g t o a m p l i f i e r s 
from t h e same p a n e l ; t h e u p p e r c h a r t s d i s p l a y n o t - r e a d j u s t e d d a t a and t h e 
l o w e r ones r e a d j u s t e d d a t a . A m p l i f i e r s a r e t h u s p a i r e d n o t o n l y by p a n e l 
b u t a l s o by t h e c r i t e r i o n of w h e t h e r o r n o t t h e y a r e r e a d j u s t e d . The 
same symbol, i s u sed t o i d e n t i f y d a t a p o i n t s f o r a p a r t i c u l a r a m p l i f i e r i n 
a l l t h r e e s e r i e s . 
The median f o r e a c h g roup of n o t - r e a d j u s t e d d a t a i s i n d i c a t e d by 
a dashed l i n e . I t w i l l be n o t e d t h a t t h e p l o t t e d p o i n t s g e n e r a l l y e x h i b i t 
a d r i f t w i t h t i m e r e l a t i v e t o t h i s m e d i a n . F i g u r e s 8a and 9a a r e b r o k e n 
i n t o r e l a t i v e l y s m a l l g roups by r e a d j u s t m e n t s wh ich were made e i t h e r 
b e c a u s e of e q u i p m e n t r e a l i g n m e n t o r b e c a u s e t h e mean of t h e z e r o - o f f s e t 
a v e r a g e s f o r t h e s e a m p l i f i e r s a p p e a r e d t o have d r i f t e d o f f s c a l e . The 
one e x c e p t i o n was t h e r e a d j u s t m e n t on 6 May f o r A m p l i f i e r s 21 and 29 
( F i g u r e 9a) a f t e r t h e y had j u s t b e e n bench t e s t e d and " r e p a i r e d " ( s e e 
A m p l i f i e r C o n d i t i o n , page 1+0). 
Medians have b e e n p l o t t e d f o r t h e r e a d j u s t e d d a t a o n l y when t h e y 
were m a r k e d l y d i f f e r e n t from z e r o ( g r e a t e r t h a n 10 m i c r o v o l t s i n m a g n i t u d e ) . 
D i s t r i b u t i o n c h a r a c t e r i s t i c s f o r t h e t h r e e s e r i e s a r e g i v e n i n 
T a b l e s 3, k, and 5 . Median v a l u e s were d e t e r m i n e d from a l l d a t a a v a i l ­
a b l e — i n c l u d i n g s a m p l e s t h a t were o f f s c a l e , s amp le s t h a t were made up 
of 1. o r 2 r e a d i n g s ( i n c o m p l e t e s a m p l e s ) , a s w e l l a s s a m p l e s qf t h r e e 
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Tab le 3 . D i s t r i b u t i o n C h a r a c t e r i s t i c s of Long-Term Z e r o - O f f s e t Data 
A l l Samples Samples of S i z e 3 




Yes 231 16 45 - 7 . 5 42 - 9 . 4 20 2 . 9 
19 45 - 5 . 0 45 - 8 . 1 16 2 . 5 
239 26 45 - 1 1 . 7 36 - 6 J4 44 5 . 5 
30 38 - 7 . 5 34 + 4 . 4 40 3 . 3 
No 231 12 7 +50 6 +37 29 2 . 0 
10 -92 9 -85 12 4 . 0 
23 -47 21 -33 35 3 . 0 
5 -33 5 - 3 4 24 2.14 
45 - 41 - 28 3 . 0 
17 7 - 3 . 3 7 - 1,2 4 1.0 
9 -30 9 -28 7 5 . 7 
21 -22 22 -19 27 4 . 5 
5 - 8 5 - 1 5 5 . 1 
44 - 43 - 20 4 . 2 
239 21 7 - 5 . 0 6 + 7 . 5 46 3*4 
9 - 5 5 5 -20 34 8 . 5 
17 +18 11 + 8 .2 33 5 . 7 
3 +65 2 +25 57 1 1 . 9 
41 - 24 - 36 6 . 6 
29 7 -18 7 -13 34 3 . 2 
10 -57 6 -28 28 6 . 0 
17 +18 15 +21 44 4 . 2 
5 +27 5 +30 20 2 . 4 
39 - 33 - 35 4 . 0 
Table li . D i s t r i b u t i o n C h a r a c t e r i s t i c s of S h o r t - T e r m Z e r o - O f f s e t Data 
A l l Samples ( S i z e 3 ) 




Yes 231 16 26 -10 - 5 . 0 9 . 1 1.9 
No 231 12 26 + 1.7 - 0 . 9 6 . 6 1.5 
Tab le 5 . D i s t r i b u t i o n C h a r a c t e r i s t i c s of Three-Week Z e r o - O f f s e t Da ta 
A l l Samples Samples of S i z e 3 
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35 + 3 . 3 
1 
35 5.U 20 2 . 8 
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g i v e , ba sed on samples of t h r e e r e a d i n g s o n l y , t h e a v e r a g e of t h e sample 
a v e r a g e s , x , t h e s a m p l e - a v e r a g e s t a n d a r d d e v i a t i o n , S—, computed d i r e c t l y 
from t h e u s u a l e q u a t i o n 
'Z ( x . - x ) 2 
and an e s t i m a t e of t h e s a m p l e - a v e r a g e s t a n d a r d d e v i a t i o n , a - , b a s e d on 
t h e o b s e r v e d r a n g e of t h e r e a d i n g s I n a. s a m p l e . T h i s l a t t e r p a r a m e t e r 
was computed a s i n d i c a t e d I n t h e f o l l o w i n g e q u a t i o n s : 
R. - x - x . , where R. i s t h e w i t h i n - s a m p l e r a n g e and x i s 1 max mm ' i ^ & 
an i n d i v i d u a l r e a d i n g w i t h i n a s a m p l e ; 
Z R 
R = —^— , where R i s t h e a v e r a g e of t h e sample r a n g e s 
and N I s t h e number of s amp le s of t h r e e read­
i n g s ; 
R 
o" = — , where o~ i s an e s t i m a t e of t h e s t a n d a r d d e v i -x d 2 x 
a t i o n of x , and i s a r a n g e - d i s t r i b u t i o n 
p a r a m e t e r (5 ) w h i c h i s a f u n c t i o n of t h e 
sample s i z e ; t h i s t r a n s f o r m I s b a s e d on t h e 
a s s u m p t i o n t h a t x i s n o r m a l l y d i s t r i b u t e d 
w i t h z e r o mean; and 
O" — x R a— = — = , wh ich p r o v i d e s an e s t i m a t e of t h e s t a n d a r d 
x S T d 2 V T 
d e v i a t i o n of t h e sample a v e r a g e s b a s e d on a 
sample s i z e of 3 . 
The s i g n i f i c a n c e of t h e o b s e r v e d d i f f e r e n c e be tween S— and a— w i l l be 
x x 
d i s c u s s e d i n C h a p t e r IV . 
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Z e r o - O f f s e t Da ta A n a l y s i s . — I n s p e c t i o n of t h e d a t a p r e s e n t e d I n F i g u r e s 
8 t h r o u g h 12 r e v e a l s c e r t a i n t r e n d s o r p a t t e r n s ; t h e s e a r e more n o t i c e ­
a b l e i n d a t a from n o t - r e a d j u s t e d a m p l i f i e r s t h a n from t h o s e t h a t were 
readjus ted . , , (From h e r e on t h e s e w i l l be c a l l e d " n o t - r e a d j u s t e d d a t a " and 
" r e a d j u s t e d d a t a , ' " ) Th ree p a t t e r n s a r e s u g g e s t e d from t h i s i n s p e c t i o n : 
( a ) d a t a a p p e a r t o form r u n s above o r be low t h e median , ( b ) t h e a p p e a r ­
ance of d a t a from c e r t a i n a m p l i f i e r s s u g g e s t s a c o r r e l a t i o n be tween a 
sample a v e r a g e and i t s v a l u e t h e n e x t day , and ( c ) d a t a from p a i r s of 
a m p l i f i e r s ( i n t h e same p a n e l ) seem t o behave a s i f an i n c r e a s e i n v a l u e 
of t h e sample a v e r a g e f o r cne a m p l i f i e r i s " f o l l o w e d " by an i n c r e a s e i n 
t h e v a l u e f o r t h e o t h e r a m p l i f i e r 0 P a t t e r n (.a) I s p r e s e n t i n a l l t h e 
d a t a ; i t s e x i s t e n c e i n b o t h n o t - r e a d j u s t e d and r e a d j u s t e d d a t a s u g g e s t s 
a p r o p e n s i t y of t h e z e r o o f f s e t t o d r i f t i n a p a r t i c u l a r d i r e c t i o n . T h i s 
migh t i n d i c a t e t h a t t h e r e i s some l o n g - t e r m d r i f t p a t t e r n t h a t v a r i e s a s 
a f u n c t i o n of t ime* The a p p e a r a n c e of p a t t e r n (b ) i n t h e n o t - r e a d j u s t e d 
d a t a s e r v e s t o c o n f i r m t h e d r i f t s u g g e s t e d i n ( a ) . P a t t e r n ( c ) i m p l i e s 
a c o r r e l a t i o n be tween t h e z e r o - o f f s e t d r i f t s among a m p l i f i e r s i n a g i v e n 
p a n e l „ 
Each of t h e o b s e r v e d b e h a v i o r a l p a t t e r n s was i n v e s t i g a t e d by 
t e s t i n g t h e d a t a w i t h a p a r t i c u l a r s t a t i s t i c The methods and r e s u l t s 
of t h e s e t e s t s a r e d e s c r i b e d below,, 
( a ) O c c u r r e n c e s of r u n s above o r be low t h e d a t a median were exam­
i n e d by a n a l y s i s of l o n g - t e r m d a t a from each a m p l i f i e r „ Fo r e x a m p l e , e ach 
sample a v e r a g e migh t be l a b e l e d a s b e i n g above o r be low t h e o b s e r v e d d a t a 
median a s f o l l o w s : a a b b a a b a b b b a ; t h i s g i v e s 7 r u n s from t h e 12 s a m p l e s . 
The p r o b a b i l i t y of t h e o b s e r v e d number , o r f e w e r , r u n s i n e a c h sample s e t 
30 
has been e s t i m a t e d u s i n g t a b l e s p r e p a r e d by Swed and E i s e n h a r t ( 6 ) and 
t h e r e s u l t s a r e p r e s e n t e d i n T a b l e 6 . " I t may be n o t e d t h a t I n e v e r y c a s e 
t h e p r o b a b i l i t y i s r e l a t i v e l y s m a l l t h a t t h e d a t a would be g rouped i n t o 
r u n s of t h e o b s e r v e d s i z e o r s m a l l e r , wh ich I n d i c a t e s t h a t t h e d a t a a r e 
non-random* F u r t h e r m o r e , r e a d j u s t e d and n o t - r e a d j u s t e d d a t a c a n n o t be 
d i s t i n g u i s h e d i n t h e r e s u l t s of t h i s t e s t , even t h o u g h t h i s migh t be 
e x p e c t e d from an e x a m i n a t i o n of t h e c h a r t s a l o n e 0 
T a b l e 6 . E s t i m a t e d P r o b a b i l i t y of Observed Number o r Fewer Runs of 
Sample A v e r a g e s Above o r Below Data Median 
R e a d j u s t e d ^ P a n e l A m p l i f i e r 
T o t a l Number 
of Samples 
Runs 
Observed P r o b a b i l i t y 
No 
231 12 r 38 15 0 .0683 
17 38 13 0.01514 
239 21 30 CO
 
0 , 0 0 2 3 
29 32 9 0 .0030 
Yes 
231 16 38 14 0,03lr9 
19 ho 11. 0 , 0 0 0 9 
239 26 38 15 0 , 0 6 8 3 
30 36 12 0 , 0 1 3 4 
"The t a b l e s of Swed and E i s e n h a r t g i v e t h e p r o b a b i l i t y t h a t t h e 
o b s e r v e d number , o r f e w e r , r u n s w i l l o c c u r i n an o r d e r e d s e q u e n c e of two 
g r o u p s of d a t a , u n d e r t h e n u l l h y p o t h e s i s t h a t b o t h g r o u p s of d a t a were 
s e l e c t e d r andomly from t h e same p o p u l a t i o n . . I n t h e p r e s e n t a p p l i c a t i o n , 
t h e d a t a a r e d i v i d e d i n t o two g roups by t h e p o p u l a t i o n med ian , so t h a t i t 
i s e q u a l l y l i k e l y t h a t a sample a v e r a g e w i l l be above o r be low t h i s med ian . 
However, t h e o b s e r v e d median h a s been used a s an e s t i m a t e of t h e p o p u ­
l a t i o n median s i n c e t h e l a t t e r i s unknown. 
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(b) A l t h o u g h t h e r e a p p e a r s t o be some d a y - t o - d a y c o r r e l a t i o n 
be tween sample a v e r a g e s f o r a g i v e n a m p l i f i e r i f t h e z e r o ' ' O f f s e t was n o t 
r e a d j u s t e d > t h e r e i s c o n s i d e r a b l y l e s s d a y - t o - d a y c o r r e l a t i o n , i f any . I n 
r e a d j u s t e d d a t a . I n o r d e r t o d e t e r m i n e t h e e x t e n t of such c o r r e l a t i o n , 
t h e t h r e e - w e e k d a t a were c o l l e c t e d and t h e f o l l o w i n g s t a t i s t i c s computed 
t h e r e f r o m : ( i ) t h e r a n g e s of sample a v e r a g e s w i t h i n a d a y , R^, where 
t h e r e were t h r e e samples of t h r e e r e a d i n g s e a c h , and ( i i ) t h e d i f f e r e n c e s 
be tween sample a v e r a g e s on one d a y a t a g i v e n t ime and on a n o t h e r d a y a t 
t h e same t i m e w i t h l a g s of 1 , 2 , and 3 days ( f o r c o n v e n i e n c e , t h e s e d i f ­
f e r e n c e s a r e i d e n t i f i e d a s r a n g e s , R^, w i t h t h e s u b s c r i p t i n d i c a t i n g t h e 
l a g used)- . 
S i n c e t h e n a t u r e of t h e d r i f t of z e r o - o f f s e t sample a v e r a g e s was 
u n d e r s c r u t i n y , no a s s u m p t i o n s c o u l d be made a b o u t t h e d i s t r i b u t i o n of 
t h e s e r a n g e s (R, and JL ) of t h e sample a v e r a g e s . T h e r e f o r e , t h e sample 
d i s t r i b u t i o n f u n c t i o n s of t h e d a t a were u sed t o e s t i m a t e t h e median and 
90 p e r c e n t v a l u e s f o r t h e v a r i o u s l a g s . F i g u r e 13 p r e s e n t s t h e o b s e r v e d 
d i s t r i b u t i o n s of R^ and R^ f o r l a g s of 1 , 2 , and 3 d a y s . 
R e s u l t s of t h e above a n a l y s i s a r e somewhat s u r p r i s i n g a t f i r s t 
g l a n c e b u t a p p e a r r e a s o n a b l e upon c l o s e r e x a m i n a t i o n . C o n s i d e r A m p l i ­
f i e r s 12 and 1 7 ; t h e 90 p e r c e n t l e v e l s i n c r e a s e i n v a l u e w i t h i n c r e a s i n g 
l a g , w h i l e t h e median v a l u e s of t h e d r i f t r ema in a p p r o x i m a t e l y t h e same. 
For b o t h a m p l i f i e r s , t h e 90 p e r c e n t l e v e l r a n g e s of t h e t h r e e samples 
w i t h i n a d a y a r e g r e a t e r t h a n t h e 90 p e r c e n t l e v e l s w i t h l a g s of one o r 
two days ( i t s h o u l d be remembered t h a t t h e number of r a n g e s i s r e l a t i v e l y 
s m a l l ) . Remembering a l s o t h a t t h e z e r o o f f s e t was n o t r e a d j u s t e d and 
t h a t t h e s e d i f f e r e n c e s were t a k e n a t r o u g h l y c o r r e s p o n d i n g t i m e s i n t h e 
32 
X - X , 
max min 
k - (n=9) 
r:(n=25) 
i ( n = l 6 ) 
W D 
RH and R- (Microvolts) 
F i g u r e 1 3 . D i s t r i b u t i o n of W i t h i n - D a y Ranges and D a y - t o - D a y 
Ranges w i t h Lags of 1 , 2 , and 3 Days from T h r e e -
Week Z e r o - O f f s e t D a t a . 
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d a y , t h i s s i m p l y means t h a t 90 p e r c e n t of t h e t i m e ( f o r t h e s e two a m p l i ­
f i e r s ) t h e d r i f t w i t h i n a day i s g r e a t e r t h a n t h e d r i f t f o r two c o n s e c u ­
t i v e days a t c o r r e s p o n d i n g t i m e s . The a p p a r e n t r e v e r s a l of t h i s e f f e c t 
i n t h e d a t a from A m p l i f i e r 29 i s i n e x p l i c a b l e from t h i s v i e w p o i n t ; how­
e v e r , i t s h o u l d be k e p t i n mind t h a t t h e v e r y l a r g e v a l u e s of maxima and 
r e l a t i v e l y s m a l l number of d i f f e r e n c e s a r e such t h a t t h e 90 p e r c e n t 
l e v e l s c o u l d v e r y w e l l be d i s t r i b u t e d i n t h i s way by c h a n c e . 
A p a t t e r n of 90 p e r c e n t l e v e l s l i k e t h a t d e s c r i b e d above would 
n o t be e x p e c t e d from r e a d j u s t e d d a t a . I n f a c t , r e p e a t e d r e a d j u s t m e n t 
might v e r y w e l l r e d u c e t h e a v e r a g e d r i f t w i t h t i m e . A l s o , one migh t 
e x p e c t t h e w i t h i n - d a y r a n g e t o be of t h e same o r d e r of m a g n i t u d e a s t h e 
d a y - t o - d a y r a n g e . These e x p e c t a t i o n s a r e b o r n e o u t by t h e r e a d j u s t e d 
d a t a — e s p e c i a l l y from A m p l i f i e r s 19, 26 , and 3 0 , Da ta from A m p l i f i e r 16 
a r e p a r t i c u l a r l y s p a r s e and. t h e r e f o r e t h e o b s e r v e d r e s u l t s c a n n o t be c o n ­
s i d e r e d s i g n i f i c a n t . 
From t h i s s t u d y of r a n g e s , i t can be s e e n t h a t t h e r e a p p e a r s t o be 
a d a y - t o - d a y c o r r e l a t i o n be tween z e r o - o f f s e t sample a v e r a g e s , i . e . , t h a t 
t h e y d r i f t f a r t h e r i n two d.ays t h a n i n one d a y on t h e a v e r a g e , and t h a t 
r e z e r o i n g t h e o f f s e t a f t e r e a c h r e a d i n g d e s t r o y s t h e p a t t e r n . 
( c ) The q u e s t i o n of w h e t h e r o r n o t t h e z e r o - o f f s e t s ample a v e r ­
a g e s from a g i v e n a m p l i f i e r have a p r o p e n s i t y t o i n c r e a s e o r d e c r e a s e i n 
v a l u e a c c o r d i n g t o t h e way t h a t t h e v a l u e from a n o t h e r a m p l i f i e r i n t h e 
same p a n e l changes ( t h a t i s , t o " f o l l o w " one a n o t h e r ) was examined by 
c o u n t i n g t h e number of t i m e s t h i s o c c u r r e d and compar ing t h a t w i t h t h e 
t o t a l , number of c o n s e c u t i v e d a t a no more t h a n t h r e e d a y s a p a r t . From 
t h e s e d a t a , t h e p r o b a b i l i t y t h a t t h e o b s e r v e d number o r more o c c u r r e n c e s 
31; 
of " f o l l o w i n g " would happen was computed u s i n g t h e n o r m a l - d i s t r i b u t i o n 
a p p r o x i m a t i o n t o t h e b i n o m i a l d i s t r i b u t i o n — w h e r e i t was h y p o t h e s i z e d 
t h a t t h e p r o b a b i l i t y was 0.»5 t h a t b o t h sample a v e r a g e s would go i n t h e 
same d i r e c t i o n . The r e s u l t s a r e g i v e n i n Tab le 7 b e l o w . 
Tab le 7 . P r o b a b i l i t y of F o l l o w i n g 
P a n e l 
A m p l i f i e r 
P a i r Da ta S e r i e s 
T o t a l Number 
of Samples 
P r o b a b i l i t y T h a t t h e 
Observed o r G r e a t e r 
F o l l o w i n g Ra te W i l l 
Occur 
231 12 -17 
1 6 - 1 9 
Long Term 32 
3h 
0 , 3 1 
0 . 1 6 
12 -17 
I 6 - I 9 
T h r e e Week 32 
2 1 




Long Term 19 
15 
0 . 0 5 
0 . 1 0 
26-30 T h r e e Week 27 0 , 0 0 0 0 3 
From t h e d a t a p r e s e n t e d i n t h i s t a b l e , t h e r e i s no r e a s o n t o 
b e l i e v e t h a t a s i g n i f i c a n t amount of f o l l o w i n g e x i s t s f o r P a n e l 231* and 
t h a t t h e a p p e a r a n c e of t h e d a t a i n F i g u r e s 8 and 1.1. can be a t t r i b u t e d 
t o t h e r u n s i n v e s t i g a t e d i n ( a ) a b o v e . The v a l u e s of sample a v e r a g e s 
f o r a m p l i f i e r s i n Panel . 239 do f o l l o w one a n o t h e r t o an a p p a r e n t l y s i g ­
n i f i c a n t d e g r e e . T h i s can be o b s e r v e d I n t h e t h r e e - w e e k d a t a from A m p l i ­
f i e r s 26 and 30 shown i n F i g u r e 12b i n p a r t i c u l a r . I n compar ing t h e two 
p a n e l s i t s h o u l d be n o t e d t h a t , i n g e n e r a l , t h e a m p l i f i e r s i n P a n e l 231 
behaved m a r k e d l y b e t t e r t h a n t h o s e i n P a n e l 239 ( s e e T a b l e s 1 , 3 . k> 
and 10). . U n f o r t u n a t e l y , t h i s i s t h e o n l y c l u e t o t h e r e a s o n f o r t h e 
phenomena of f o l l o w i n g t h a t h a s b e e n o b s e r v e d and a s t u d y of a m p l i f i e r s 
from s e v e r a l p a n e l s would be needed t o i d e n t i f y i t s cause, , 
35 
N o i s e - A m p l i t u d e D a t a , — I t was d i s c o v e r e d t h a t t h e r e i s no s i g n i f i c a n t 
c o r r e l a t i o n be tween t h e z e r o - o f f s e t sample a v e r a g e s and c o r r e s p o n d i n g 
n o i s e - a m p l i t u d e v a l u e s . F i g u r e lU i l l u s t r a t e s t h i s p o i n t by showing a 
p l o t of z e r o - o f f s e t a v e r a g e s and c o r r e s p o n d i n g n o i s e - a m p l i t u d e v a l u e s 
f o r t h e t h r e e - w e e k d a t a c o l l e c t e d from A m p l i f i e r s 12 and 1% T h i s , of 
c o u r s e , i s n o t s u r p r i s i n g i n v iew of t h e p h y s i c a l r e l a t i o n be tween t h e 
two ( s e e F i g u r e 7 on page 10 and i t s a s s o c i a t e d t e x t on page 1 1 ) . 
One measure of t h e c o n d i t i o n of an o p e r a t i o n a l a m p l i f i e r i s i t s 
n o i s e - a m p l i t u d e leve l ,* a p e a k - t o - p e a k n o i s e a m p l i t u d e e x c e e d i n g 20 m i l l i ­
v o l t s i s c o n s i d e r e d e x c e s s i v e s i n c e i t may i n t r o d u c e e r r o r s i n t o a com­
p u t e r s o l u t i o n . T a b l e 8 g i v e s t h e f r e q u e n c y d i s t r i b u t i o n of n o i s e -
a m p l i t u d e v a l u e s measu red d u r i n g t h i s p r o g r a m . I t w i l l be n o t e d t h a t 
A m p l i f i e r s 29 and 30 had an e x c e s s i v e amount of n o i s e d u r i n g b o t h t h e 
l o n g - t e r m and t h r e e - w e e k d a t a - c o l l e c t i o n p e r i o d s . The l o n g - t e r m d a t a 
from P a n e l 239 . i n c l u d i n g A m p l i f i e r s 29 and 3 0 , a r e shown d i s t r i b u t e d 
a c c o r d i n g t o t ime a s w e l l a s a m p l i t u d e I n t e r v a l , i n T a b l e 9 . I t w i l l , be 
n o t i c e d t h a t t h e r e a p p e a r s t o be no s i g n i f i c a n t t i m e d e p e n d e n c e f o r t h e 
n o i s e a m p l i t u d e of t h e two a m p l i f i e r s i n q u e s t i o n , 
Env i ronmen ta l . Da ta ,—Two e n v i r o n m e n t a l p a r a m e t e r s were i n v e s t i g a t e d : 
p o w e r - s u p p l y v o l t a g e and room t e m p e r a t u r e . V a r i a t i o n of t h e s e f a c t o r s 
cou ld be e x p e c t e d t o a f f e c t t h e p e r f o r m a n c e of o p e r a t i o n a l a m p l i f i e r s . 
Each pane l , i s s e r v i c e d by a s i n g l e power s u p p l y w h i c h f u r n i s h e s 
p l u s and minus 2 5 0 - v o l t d i r e c t c u r r e n t t o e a c h of t h e a m p l i f i e r s . B e g i n ­
n i n g a b o u t t h e end of F e b r u a r y , t h e s e o u t p u t s were measured t o t h e n e a r e s t 
0 , 1 v o l t a f t e r e a c h c h e c k o u t . Th roughou t t h i s e n t i r e p rog ram, t h e s e 
v o l t a g e s d e v i a t e d from t h e d e s i r e d l e v e l , of 2 5 0 . 0 v o l t s by more t h a n 
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T a b l e 8 . D i s t r i b u t i o n of N o i s e - A m p l i t u d e Measurements 
C la s s -F requency" D i s t r i b u t i o n 
(Ampl i tude I n t e r v a l s i n M i l l i v o l t s ) 
P a n e l Amp. 
D a t a v 
S e r i e s " 0 -20 21-100 101-200 >200 
231 12 L . T , 
T.W. 
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= Long Term 
= Three Week 
= S h o r t Term 
Tab le 9* N o i s e - A m p l i t u d e T ime-Frequency D i s t r i b u t i o n from Long-Term Data 
(Ampl i tude I n t e r v a l s i n M i l l i v o l t s ) 
D a t e s 
R e a d j u s t e d Not R e a d j u s t e d 
A m p l i f i e r 2 1 A m p l i f i e r 29 A m p l i f i e r 26 A m p l i f i e r 30 
From To 0-20 21-100 >100 0-20 21-100 >100 0-20 21-100 >100 0-20 21-100 >100 
10 F e b , 22 Feb , 7 0 0 0 7 0 7 0 0 3 0 il 
23 F e b , 8 Mar* 6 0 0 0 1 6 0 0 1 0 
9 Mar* 22 Mar* 7 0 0 0 7 0 7 0 0 k 3 0 
23 Mar . 5 Apr* a 0 0 0 7 1 8 0 0 8 0 0 
6 Apr* 19 Apr* h 0 0 0 3 1 0 0 3 1 0 
20 Apr* 5 May 2 0 1 1 2 0 2 0 1 1 2 0 
6 May 17 May 0 0 0 0 0 0 0 0 
18 May 27 May 5 0 0 0 1 
-L 
5 0 0 2 c 1 
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1.0 v o l t o n l y s i x t i m e s . The w o r s t two r e a d i n g s , -2i;6>U and + 2 5 1 . 1 , were 
o b s e r v e d on 20 and 21+ March, r e s p e c t i v e l y , f o r t h e power s u p p l y s e r v i n g 
Panel . 2 3 1 ; t h e o t h e r f o u r such r e a d i n g s were +251.1- , + 2 5 1 . 1 , + 2 5 1 . 2 , and 
+251 .3 which o c c u r r e d i n t h e t h r e e - w e e k d a t a from P a n e l 2 3 1 . No c o r r e ­
l a t i o n was o b s e r v e d be tween i n d i v i d u a l v a l u e s of sample a v e r a g e s and t h e 
p o w e r - s u p p l y v o l t a g e s . Even t h e e x t r e m e n o t e d (-2I4.6.I4.) d i d n o t a p p e a r 
t o a f f e c t t h e c o r r e s p o n d i n g sample a v e r a g e s i n a p r e d i c t a b l e manner ( s e e 
F i g u r e 8a)„ I n a d d i t i o n , t h e c h e c k o u t c o n d i t i o n of t h e a m p l i f i e r p a n e l 
c o u l d n o t be c o r r e l a t e d w i t h t h e s e p o w e r - s u p p l y v o l t a g e s ; a m p l i f i e r s i n 
P a n e l 239 behaved r e l a t i v e l y p o o r l y w i t h a s t a b l e power, s u p p l y w h i l e 
a m p l i f i e r s i n P a n e l 231 behaved b e t t e r w i t h a l e s s s t a b l e power s u p p l y . 
C o r r e l a t i o n be tween room t e m p e r a t u r e and z e r o - o f f s e t sample a v e r ­
ages was f o u n d — p r o v i d e d t h e d a t a were t a k e n r e l a t i v e l y f r e q u e n t l y and 
t h e z e r o o f f s e t was n o t r e a d j u s t e d . F i g u r e 10a shows a p l o t of t h e 
s h o r t - t e r m n o t - r e a d j u s t e d d a t a t a k e n once an h o u r and a c o r r e s p o n d i n g 
p l o t of t e m p e r a t u r e s ; a h i g h d e g r e e of a p p a r e n t c o r r e l a t i o n w i l l be n o t e d . 
The c o r r e l a t i o n c o e f f i c i e n t s be tween t e m p e r a t u r e s and sample a v e r a g e s 
a r e of t h e o r d e r of 0 , 9 f o r t h e f i r s t two d a y s ; however , an anomaly i n 
t h e d a t a c a u s e d t h e c o e f f i c i e n t t o d r o p s h a r p l y ( t o a b o u t 0 . 0 5 ) f o r t h e 
t h i r d d a y . An I n s p e c t i o n of t h e d a y - t o - d a y d a t a r e v e a l s d i s t i n c t changes 
i n t h e median v a l u e s of t h e sample a v e r a g e s of a b o u t 5 m i c r o v o l t s from 
t h e f i r s t t o second d a y s , and l e s s t h a n k m i c r o v o l t s from t h e second t o 
t h i r d d a y s , w h i l e t h e r e i s o n l y a 0 . 5 ~ d e g r e e c e n t i g r a d e d i f f e r e n c e be tween 
t h e median t e m p e r a t u r e s of t h e f i r s t and second d a y s and a b o u t 1 . 5 - d e g r e e s 
c e n t i g r a d e d i f f e r e n c e be tween t h e med ians f o r t h e s econd and t h i r d d a y s . 
These a r e , however , s p a r s e d a t a on which t o draw c o n c l u s i o n s . 
ho 
The t h r e e - w e e k d a t a p r o v i d e d a d d i t i o n a l i n f o r m a t i o n on t h i s s u b ­
j e c t . An a t t e m p t t o r a n k c o r r e l a t e t h e d a i l y t e m p e r a t u r e r a n g e s , R^, and 
t h e r a n g e of d a i l y sample a v e r a g e s , R^, showed t h a t w h i l e t h e r e i s a d i s ­
t i n c t t e n d e n c y f o r l a r g e ( u p p e r l / 3 ) v a l u e s of R_̂  t o c o r r e s p o n d t o l a r g e 
R^, t h e r e a p p e a r e d t o be no c o r r e l a t i o n be tween R^ and R^ f o r s m a l l e r 
v a l u e s . F i g u r e V~> shows s c a t t e r d i a g r a m s of t e m p e r a t u r e and z e r o - o f f s e t 
sample a v e r a g e s f o r t h e t h r e e - w e e k d a t a from A m p l i f i e r s 12 and 16 ( t h e 
same two u s e d i n t h e s h o r t - t e r m s t u d y ) . N e i t h e r shows any s i g n i f i c a n t 
c o r r e l a t i o n . 
I t i s e v i d e n t from t h e above c o n s i d e r a t i o n s t h a t t e m p e r a t u r e 
i n f l u e n c e s a r e s t r o n g w i t h i n a t ime i n t e r v a l of t h e o r d e r of a few h o u r s , 
b u t become masked by o t h e r e f f e c t s f o r l o n g e r p e r i o d s of time-. T h e r e ­
f o r e , t h e v a l u e of Sf f o r A m p l i f i e r 12 I n T a b l e 1+ m i g h t be c o n s i d e r e d an 
x 
e s t i m a t e of t h e d i s p e r s i o n due t o t e m p e r a t u r e i f t h e o b s e r v e d d a y - t o - d a y 
e f f e c t I s i g n o r e d . 
A m p l i f i e r C o n d i t i o n . — I n a d d i t i o n t o t h e d a t a d e s c r i b e d a b o v e , c e r t a i n 
g e n e r a l i n f o r m a t i o n i s needed t o c o m p l e t e a p i c t u r e of t h e p e r f o r m a n c e of 
t h e o p e r a t i o n a l , a m p l i f i e r s u s e d d u r i n g t h i s p r o g r a m . 
The f i r s t i s t h a t d u r i n g t h e l o n g - t e r m d a t a - c o l l e c t i o n s equence 
A m p l i f i e r s 29 and 30 were removed, bench t e s t e d , and r e p a i r e d . T h i s o p e r ­
a t i o n i s d e s c r i b e d i n t h e t e c h n i c i a n ' s n o t e s q u o t e d b e l o w : 
May 5 . A m p l i f i e r s 29 and 30 were removed from t h e compu te r f o r o v e r ­
h a u l . Each a m p l i f i e r was c a r e f u l l y checked b e g i n n i n g w i t h t u b e s . 
S e v e r a l t u b e s i n e a c h a m p l i f i e r had e m i s s i o n v a l u e s q u i t e c l o s e t o 
t h e l o w e r l i m i t of t h e e s t a b l i s h e d c r i t e r i o n f o r t h e Model-101,8 a m p l i ­
f i e r s , b u t t h e y d i d meet t h e r e q u i r e m e n t s so were n o t r e p l a c e d ; t h e 
t u b e s r e p l a c e d i n e a c h a m p l i f i e r w e r e — A m p l i f i e r 2 9 : 12AU7, 12AX7? 
and 1.2AV7; and A m p l i f i e r 3 0 : 6U8. A m p l i f i e r 30 worked v e r y wel l , 
when i t s g a i n and z e r o - o f f s e t l e v e l were c h e c k e d . A m p l i f i e r 2 9 r s 
o u t p u t waveform was b a d l y d i s t o r t e d , n o i s e o u t p u t v e r y h i g h , and i t 
hi 
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would n o t r e s p o n d t o no rma l c o r r e c t i v e a d j u s t m e n t s . Sometimes a 
p a r t i c u l a r vacuum t u b e w i l l n o t p e r f o r m s a t i s f a c t o r i l y i n a p a r t i c ­
u l a r a m p l i f i e r even t hough i t i s a new t u b e w i t h h i g h e m i s s i o n . When 
t h i s h a p p e n s , a n o t h e r t u b e i s s u b s t i t u t e d u n t i l t h e a m p l i f i e r i s 
r e s p o n d i n g p r o p e r l y . T h i s p r o c e d u r e was t r i e d on A m p l i f i e r 29 and 
a p p e a r e d t o s o l v e t h e p r o b l e m ; b u t , b e i n g s u s p i c i o u s , I r a n t h e 
a m p l i f i e r f o r s e v e r a l h o u r s i n t h e t e s t j i g u n d e r 2 / 3 l o a d . No 
m a l f u n c t i o n s were o b s e r v e d d u r i n g t h i s p e r i o d so t h e a m p l i f i e r was 
r e p l a c e d i n t h e compute r and c o a r s e - z e r o e d a f t e r a s u i t a b l e s t a ­
b i l i z i n g p e r i o d . The n e x t morn ing when a l l . t h e o p e r a t i o n a l - a m p l i f i e r 
z e r o - o f f s e t s were c h e c k e d , A m p l i f i e r 29 was j i t t e r i n g b a d l y and had 
a h i g h n o i s e - a m p l i t u d e o u t p u t . There a p p a r e n t l y i s a component f a i l ­
u r e o t h e r t h a n vacuum t u b e s . 
D e s p i t e t h e comments a b o u t A m p l i f i e r 29 , n e i t h e r t h i s n o r any o t h e r 
a m p l i f i e r u sed i n t h i s p rogram was removed from t h e compute r f o r t h e 
r e s t of t h i s p r o g r a m . 
At t h e end of t h e d a t a - c o l l e c t i o n p rog ram, t h e t e c h n i c i a n was 
asked t o comment on t h e c o n d i t i o n of e a c h a m p l i f i e r . The f o l l o w i n g a r e 
h i s r e m a r k s : 
A m p l i f i e r 1 2 , S t i l l o p e r a t i n g w i t h l i t t l e d a y - t o - d a y d r i f t and v e r y 
s m a l l amount of o u t p u t n o i s e a s o b s e r v e d on t h e o s c i l l o s c o p e . T h i s 
a m p l i f i e r would be q u i t e s a t i s f a c t o r y f o r u se i n p r o b l e m - s o l v i n g 
c i r c u i t s - . 
A m p l i f i e r 1 6 , T h i s a m p l i f i e r d e v e l o p e d a l o t of j i t t e r and n o i s e 
d u r i n g t h e f i n a l s t a g e s of t h e e x p e r i m e n t . I t s j i t t e r and n o i s e 
o u t p u t a r e p r e s e n t l y so bad t h a t i t s h o u l d n o t be used i n any 
p r o b l e m - s o l v i n g c i r c u i t . 
A m p l i f i e r 1 7 . A l t h o u g h t h i s a m p l i f i e r 5 s n o i s e h a s c o n s i s t e n t l y been 
h i g h e r t h a n a v e r a g e t h r o u g h o u t t h e e x p e r i m e n t [ b u t l e s s t h a n 20 
m i l l i v o l t s ; s e e T a b l e 7], i t I s s t i l l , a s t a b l e and u s e f u l u n i t . I t s 
n o i s e i s n o t of a random n a t u r e a t t r i b u t a b l e t o f a i l e d o r n e a r l y 
f a i l e d componen t s , b u t i n s t e a d more l i k e l y due t o t h e i n t e r n a l c a b l i n g 
of t h e compute r ( e . g . , hum p i c k u p ) „ 
A m p l i f i e r 1 9 . T h i s a m p l i f i e r i s and h a s been much t h e same a s number 
1 7 ; however 19 a l s o c o n t a i n s random n o i s e i n i t s o u t p u t . T h i s i s a 
c o n d i t i o n q u i t e common and n o t e a s i l y e l i m i n a t e d i n d i r e c t - c u r r e n t 
a m p l i f i e r s , and d o e s n ! t s e r i o u s l y i m p a i r i t s u s e f u l n e s s i n p r o b l e m -
s o l v i n g c i r c u i t s . 
A m p l i f i e r 2 1 . T h i s u n i t i s b e s t d e s c r i b e d a s e r r a t i c . . One day i t 
w i l l a p p e a r t o be normal, and u s e f u l , o n l y t o be t h e e x a c t o p p o s i t e 
f o r t h e n e x t 2 -3 d a y s . I n i t s p r e s e n t c o n d i t i o n , i t s h o u l d n ' t be 
1*3 
t r u s t e d i n any c i r c u i t where a c c u r a c y i s i m p o r t a n t . I t s h o u l d be 
r e p a i r e d . 
A m p l i f i e r 2 6 . The a m p l i f i e r i s s o r t of a s o - s o u n i t . Whi le i t c a n ' t 
r e a l l y be c o n s i d e r e d e i t h e r v e r y good o r v e r y b a d , i t i s e n t i r e l y 
s u i t a b l e f o r u s e i n s o l v i n g p r o b l e m s . 
A m p l i f i e r 2 9 . T h i s a m p l i f i e r h a s f a i l e d . I t s h o u l d n o t be used i n 
s o l v i n g p r o b l e m s and s h o u l d be removed from t h e compute r f o r r e p a i r . 
A m p l i f i e r 3 0 . T h i s a m p l i f i e r i s no b e t t e r t h a n Number 2 9 , and t h e 
same r e m a r k s a p p l y t o i t . 
On t h e b a s i s of t h e s e comments, we can p l a c e t h e s e e i g h t a m p l i ­
f i e r s i n t o t h r e e g r o u p s a s shown i n T a b l e 1.0. As i n d i c a t e d , A m p l i f i e r s 
12 and 17 have e x c e l l e n t p e r f o r m a n c e r e c o r d s ; t h i s a l s o a p p l i e s t o 16 
u n t i l t h e m i d d l e of J u n e . A m p l i f i e r 19 h a s no r e c o r d of abnormal b e h a v i o r 
t o c o r r e l a t e w i t h t h e o b s e r v e d random n o i s e i n I t s o u t p u t . T h r o u g h o u t 
t h e p rog ram, A m p l i f i e r 26 h a s a c t e d i n an e r r a t i c f a s h i o n * A m p l i f i e r s 
2 1 , 2 9 , and 30 were p l a g u e d w i t h t r o u b l e from t h e o u t s e t of t h i s p rog ram; 
s u b s e q u e n t t o t h e i r " r e p a i r " on 5 May, A m p l i f i e r 30 d i d n o t improve and 
29 became n o i s e r * 
T a b l e 1 0 . G e n e r a l C o n d i t i o n of A m p l i f i e r s 
C o n d i t i o n A m p l i f i e r 
Good 12 
16 ( u n t i l June 17) 
17 
19 
F a i r 26 







Z e r o - O f f s e t Da ta M o d e l . - - A g e n e r a l m a t h e m a t i c a l model of a z e r o - o f f f e e t 
r e a d i n g may be w r i t t e n a s f o l l o w s : 
x i j + 5 i + £ i j > 
where i = 1 , 2 , 3 > . . . i d e n t i f i e s t h e s a m p l e , 
j = 1 , 2 , 3 o b s e r v a t i o n s w i t h i n a s a m p l e , 
x . . i s an i n d i v i d u a l z e r o - o f f s e t r e a d i n g , 
U- i s t h e o v e r a l l p r o c e s s mean, 
5^ i s t h e b e t w e e n - s a m p l e v a r i a t i o n , and 
s. . i s t h e w i t h i n - s a m p l e v a r i a t i o n . 
From t h i s , t h e model f o r t h e a v e r a g e of t h e i s a m p l e , x . , can be 
w r i t t e n : 
x . = u + 5 . + s . , 
I i I 
— t h 
where d e n o t e s t h e a v e r a g e of t h e v a r i a t i o n s w i t h i n t h e i — s a m p l e . 
I n t h e l a s t c h a p t e r i t was p o i n t e d o u t t h a t t h e w i t h i n - s a m p l e 
v a r i a t i o n c o u l d be e x p e c t e d t o be n o r m a l l y d i s t r i b u t e d , s i n c e t h e r e i s 
no r e a s o n t o b e l i e v e t h a t t h e z e r o - o f f s e t p r o c e s s changes d u r i n g a sam­
p l i n g p e r i o d ; i n o t h e r w o r d s , can be assumed n o r m a l l y d i s t r i b u t e d w i t h 
mean z e r o and v a r i a n c e o „ An e x a m i n a t i o n of F i g u r e s 8 and 9 w i l l s u g g e s t 
t h a t , a t l e a s t i n t h e c a s e s where t h e a m p l i f i e r s were n o t r e a d j u s t e d , 6. 
may n o t be n o r m a l l y d i s t r i b u t e d „ From t h e s t a n d p o i n t of t h e e q u i p m e n t , 
i t seems r e a s o n a b l e t o e x p e c t t h e z e r o ^ - o f f s e t mean, wh ich i s e s t i m a t e d by 
t h e sample a v e r a g e , t o behave a s i n d i c a t e d i n F i g u r e 7 . T h i s s u g g e s t s 
t h a t t h e f a c t o r \i + 6^ I s some f u n c t i o n of t i m e , and may be c o n s i d e r e d t o 
have a d i s t i n c t v a l u e f o r e a c h s a m p l e . Thus , 
\i± = U. + 6 ± , 
where d e n o t e s t h e z e r o - o f f s e t p r o c e s s mean a t t h e t i m e of t h e i — 
s a m p l e . The model f o r t h e i — sample a v e r a g e now b e c o m e s : 
x . = [i. + e . 
L e t us now c o n s i d e r t h i s l a s t model i n v i ew of t h e d a t a . T a b l e s 
3, h) and 5 show t h a t o— , t h e s t a n d a r d d e v i a t i o n of t h e sample a v e r a g e s 
based on t h e r a n g e s of t h r e e z e r o - o f f s e t r e a d i n g s w i t h i n e a c h s a m p l e , i s 
c o n s i d e r a b l y s m a l l e r t h a n £— , t h e s t a n d a r d d e v i a t i o n computed from t h e 
sample a v e r a g e s t h e m s e l v e s . Moreover , o— i s much l e s s s e n s i t i v e t h a n S— ^ b 9 x x 
t o an i n c r e a s e i n d u r a t i o n of t h e d a t a - c o l l e c t i o n p e r i o d , wh ich t e n d s t o 
i n c r e a s e b o t h s t a n d a r d d e v i a t i o n v a l u e s . I t f o l l o w s t h a t t h e e s t i m a t e 
of [j, from sample a v e r a g e s i s r e l a t i v e l y p r e c i s e compared t o t h e v a r i a t i o n 
i n t h e sample a v e r a g e s ; h e n c e , t h e o b s e r v e d s a m p l e - a v e r a g e d i s p e r s i o n f o r 
d a t a c o l l e c t e d o v e r a l o n g t i m e p e r i o d s e r v e s a s an e s t i m a t e of t h e d i s ­
p e r s i o n of [L o v e r an e q u i v a l e n t t i m e p e r i o d . 
I t w i l l a l s o be n o t e d t h a t t h e r e a d j u s t e d d a t a c a n n o t be d i s t i n ­
g u i s h e d from n o t - r e a d j u s t e d d a t a m e r e l y by i n s p e c t i n g t h e d i s p e r s i o n . The 
o n l y c l e a r d i s t i n c t i o n be tween t h e r e a d j u s t e d and n o t - r e a d j u s t e d p r o c e s s e s 
i s t h a t t h e a v e r a g e s o r med ians of r e a d j u s t e d d a t a a r e r e l a t i v e l y n e a r 
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z e r o — a n o t u n e x p e c t e d r e s u l t . I n o t h e r w o r d s , r e a d j u s t m e n t moves t h e 
p r o c e s s mean (LL. ) t o w i t h i n + 3°" of z e r o b u t a p p a r e n t l y d o e s n o t a f f e c t 1 — x 
t h e d i s p e r s i o n of t h e sample a v e r a g e s by a n o t i c e a b l e amount . 
R e a d j u s t m e n t has t h e e f f e c t of b r e a k i n g up a p p a r e n t d r i f t p a t t e r n s , 
t hough i t does n o t a p p e a r t o change an a m p l i f i e r ' s p r o p e n s i t y t o d r i f t i n 
a g i v e n d i r e c t i o n . As a r e s u l t , r e a d j u s t e d z e r o - o f f s e t sample a v e r a g e s 
a r e grouped i n r u n s above and be low t h e i r median i n much t h e same way as 
t h e c o r r e s p o n d i n g n o t - r e a d j u s t e d d a t a . T a b l e 6 g i v e s an e s t i m a t e of t h e 
p r o b a b i l i t y t h a t t h e o b s e r v e d number ( o r f e w e r ) r u n s of sample a v e r a g e s 
would o c c u r i f t h e d r i f t from any p o i n t , p o s i t i v e o r n e g a t i v e , were e q u a l l y 
l i k e l y - i t w i l l , be n o t i c e d t h a t t h i s p r o b a b i l i t y i s i n e v e r y c a s e q u i t e 
s m a l l . 
Of t h e e n v i r o n m e n t a l f a c t o r s c o n s i d e r e d , o n l y r o o m - t e m p e r a t u r e 
v a r i a t i o n makes an i d e n t i f i a b l e c o n t r i b u t i o n t o t h e v a l u e of S—. The 
x 
e f f e c t of t h i s f a c t o r becomes s i g n i f i c a n t when t h e s a m p l i n g p e r i o d i s 
s h o r t ( o f t h e o r d e r of a few d a y s ) - however , o v e r a l o n g p e r i o d of t i m e , 
t h e e f f e c t s of w i t h i n - p a n e l and w i t h i n - a m p l i f i e r v a r i a t i o n s make t h e 
l a r g e s t c o n t r i b u t i o n s . W i t h i n t h e l i m i t s e n c o u n t e r e d i n t h i s s t u d y , 
p o w e r - s u p p l y v o l t a g e v a r i a t i o n s do n o t seem t o a f f e c t t h e v a l u e of e i t h e r 
z e r o o f f s e t o r n o i s e a m p l i t u d e , . The n o t i c e a b l e c o r r e l a t i o n i n b e h a v i o r 
be tween a m p l i f i e r s i n t h e same p a n e l i s d o u b t l e s s due t o t h e i r h a v i n g 
v i r t u a l l y i d e n t i c a l , t e m p e r a t u r e and e l e c t r o m a g n e t i c e n v i r o n m e n t s ( a s w e l l 
a s a common power s u p p l y ) . 
N o i s e - A m p l i t u d e . — A s m i g h t be s u s p e c t e d from t h e n a t u r e of t h e p e a k - t o -
peak n o i s e a m p l i t u d e , i t d o e s n o t a p p e a r t o c o r r e l a t e w i t h t h e v a l u e of 
t h e z e r o - o f f s e t sample ave rage , , The two a m p l i f i e r s t h a t have e x h i b i t e d 
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l a r g e n o i s e a m p l i t u d e s w i l l be d i s c u s s e d be low i n c o n n e c t i o n w i t h t h e 
a p p l i c a t i o n of p r o p o s e d d e c i s i o n r u l e s . 
D e c i s i o n Ru les*—The p u r p o s e of t h i s s t u d y was t o i n v e s t i g a t e t h e b e h a v ­
i o r of o p e r a t i o n a l - a m p l i f i e r z e r o - o f f s e t and n o i s e - a m p l i t u d e r e a d i n g s t o 
s e e i f some method c o u l d be found f o r r e d u c i n g c h e c k o u t e f f o r t w i t h o u t 
i n c r e a s i n g t h e chance t h a t t h e s e p a r a m e t e r s would exceed a c c e p t a b l e t o l ­
e r a n c e l i m i t s d u r i n g no rma l computer o p e r a t i o n . The t o l e r a n c e s were 
g i v e n a s : 
( a ) P l u s and minus 100 m i c r o v o l t s f o r z e r o - o f f s e t r e a d i n g s , and 
(b) No more t h a n 20 m i l l i v o l t s f o r p e a k - t o - p e a k n o i s e - a m p l i t u d e 
v a l u e s . 
The two c h a r a c t e r i s t i c p e r f o r m a n c e p a r a m e t e r s have been exam­
i n e d s e p a r a t e l y , a l t h o u g h from an o p e r a t i o n a l s t a n d p o i n t b o t h t o l e r a n c e s 
must be met s i m u l t a n e o u s l y i n o r d e r t o u s e an a m p l i f i e r i n a comput ing 
c i r c u i t . U n f o r t u n a t e l y , z e r o - o f f s e t and n o i s e - a m p l i t u d e r e a d i n g s from an 
a m p l i f i e r t e n d t o v a r y i n such a way t h a t a s i n g l e c h e c k o u t does n o t g i v e 
a r e a l i s t i c measure of an a m p l i f i e r ' s c o n d i t i o n , , I t i s now e v i d e n t t h a t 
t h e c o n d i t i o n of an a m p l i f i e r can be d e t e r m i n e d o n l y by a s e r i e s of c h e c k ­
o u t s c o v e r i n g a p e r i o d of a. week o r more . However, once t h i s c o n d i t i o n 
has been a s c e r t a i n e d t h e r e i s s u f f i c i e n t p r o c e s s s t a b i l i t y t h a t t h e p e r ­
formance can be p r e d i c t e d s t a t i s t i c a l l y f o r a l i m i t e d a d d i t i o n a l t i m e . 
I t i s t h e r e f o r e p r o p o s e d t h a t a l l a m p l i f i e r s be examined f o r an i n i t i a l 
p e r i o d t o g a t h e r h i s t o r i c a l p e r f o r m a n c e d a t a . a n d , t h e n , t h a t t h e c o n d i ­
t ion* of e a c h a m p l i f i e r be c a t e g o r i z e d on t h e b a s i s of d i a g n o s t i c c r i t e r i a 
d e s c r i b e d b e l o w . F u r t h e r m o r e , a d e f i n i t e p r o c e s s c o n t r o l p r o c e d u r e has 
been e s t a b l i s h e d f o r t h e s u b s e q u e n t t r e a t m e n t of e a c h a m p l i f i e r , a c c o r d i n g 
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t o i t s c a t e g o r y . 
I t was n o t i c e d t h a t c e r t a i n a m p l i f i e r s ( e . g . , Number 19) were 
f a v o r e d w i t h r e l a t i v e l y low z e r o - o f f s e t d i s p e r s i o n and a c o n s i s t e n t l y 
a c c e p t a b l e n o i s e - a m p l i t u d e l e v e l t h r o u g h o u t t h i s p r o g r a m . The low d i s ­
p e r s i o n r e s u l t e d i n few, i f any , o f f - s c a l e z e r o - o f f s e t r e a d i n g s ( i . e . , 
magn i tude g r e a t e r t h a n 100 m i c r o v o l t s ) and a l l c h e c k o u t s gave r e a d a b l e 
z e r o - o f f s e t v a l u e s . I n a d d i t i o n , t h e r e d i d n o t a p p e a r t o be any s i g ­
n i f i c a n t change i n d i s p e r s i o n from b e g i n n i n g t o end of a d a t a s e r i e s . 
A m p l i f i e r s e x h i b i t i n g t h e s e c h a r a c t e r i s t i c s w i l l be c o n s i d e r e d " C l a s s I 
S t a b l e . " 
C e r t a i n o t h e r a m p l i f i e r s a l s o had a c c e p t a b l y low n o i s e - a m p l i t u d e 
l e v e l s and no c a s e s where c h e c k o u t s c o u l d n o t be r e a d , b u t t h e d i s p e r s i o n 
of t h e z e r o - o f f s e t sample a v e r a g e s was so g r e a t t h a t a l i m i t e d number of 
r e a d i n g s o c c u r r e d o f f - s c a l e . A m p l i f i e r s i n t h i s c o n d i t i o n w i l l be p l a c e d 
i n t h e c a t e g o r y " C l a s s I I S t a b l e . " 
A t h i r d g roup c o m p r i s e s t h o s e r e m a i n i n g a m p l i f i e r s whose n o i s e -
a m p l i t u d e v a l u e s were above t h e t o l e r a n c e l e v e l , o r f o r which z e r o - o f f s e t 
r e a d i n g s c o u l d n o t be made, o r which gave l a r g e numbers of o f f - s c a l e 
r e a d i n g s . A m p l i f i e r s e x h i b i t i n g such f a u l t s w i l l be t e rmed " U n a c c e p t a b l e . " 
A s e t of d e c i s i o n r u l e s , b a s e d on t h e above g e n e r a l p r i n c i p l e s , 
i s summarized i n T a b l e 11 and may be used t o d i a g n o s e t h e c o n d i t i o n of any 
a m p l i f i e r . These r u l e s a r e t o be a p p l i e d a f t e r a s u i t a b l e s t u d y p e r i o d 
d u r i n g wh ich z e r o - o f f s e t s a m p l e s and n o i s e - a m p l i t u d e r e a d i n g s a r e c o l l e c t e d , 
and a f t e r d a t a from a g i v e n a m p l i f i e r have been a n a l y z e d . The a n a l y s i s 
s h o u l d i n c l u d e d e t e r m i n a t i o n of t h e f o l l o w i n g : {SL) p e r c e n t a g e of n o i s e -
a m p l i t u d e r e a d i n g s l e s s t h a n , o r e q u a l t o , 20 m i l l i v o l t s , ( b ) p r e s e n c e 
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of -unreadable z e r o - o f f s e t c h e c k o u t s . ( c ) p e r c e n t a g e of o f f - s c a l e z e r o -
o f f s e t r e a d i n g s , and (d ) s a m p l e - a v e r a g e s t a n d a r d d e v i a t i o n , S—. Excep t 
f o r t h i s l a s t f a c t o r , t h e s e v a l u e s can u s u a l l y be o b t a i n e d from an i n s p e c ­
t i o n of a c h a r t on which t h e z e r o - o f f s e t sample a v e r a g e s and t h e n o i s e 
a m p l i t u d e have been p l o t t e d a s f u n c t i o n s of t i m e . The p e r c e n t a g e l e v e l s 
and s t a n d a r d d e v i a t i o n s s p e c i f i e d i n t h e r u l e s of T a b l e 11. have been c h o ­
sen a s a r e s u l t of e x p e r i e n c e g a i n e d i n t h e p r e s e n t s t u d y ; i n a c t u a l u se 
i t may be found t h a t t h e s e c r i t e r i a s h o u l d be m o d i f i e d s l i g h t l y . 
S p e c i f i c p r o c e s s c o n t r o l s have been s u g g e s t e d i n T a b l e 11 f o r e ach 
a m p l i f i e r c o n d i t i o n . The d i s p e r s i o n of t h e z e r o - o f f s e t sample a v e r a g e s 
from C l a s s I S t a b l e a m p l i f i e r s I s c h o s e n smal l , enough t h a t s t a n d a r d c o n ­
t r o l , c h a r t t e c h n i q u e s can be u s e d . I t w i l l , be n o t e d t h a t t h e z e r o o f f s e t 
i s t o be r e a d j u s t e d t o z e r o a f t e r e a c h c h e c k o u t H o w e v e r , b e c a u s e t h e 
d i s t r i b u t i o n of t h e z e r o - o f f s e t sample a v e r a g e s may n o t be n o r m a l l y d i s ­
t r i b u t e d , even t h o u g h t h e z e r o - c f f s e t i s r e a d j u s t e d e a c h t i m e , a c e r t a i n 
number of sample a v e r a g e s may f a l l o u t s i d e t h e 3 C T c o n t r o l l i m i t s . The 
p r o c e s s c o n t r o l s p e c i f i e d f o r t h e C l a s s I I S t a b l e a m p l i f i e r s i s b a s e d on 
t h e e x p e c t e d z e r o - o f f s e t d r i f t . I f a measu re of t h e 90 p e r c e n t l e v e l of 
t h e t h r e e - d a y z e r o - o f f s e t d r i f t can be made, and i f i t d o e s n o t exceed 
liO m i c r o v o l t s , a c h e c k o u t and r e a d j u s t m e n t need be made o n l y once e v e r y 
thre-e d a y s . I t may be found , however , t h a t some t i m e s t h e d r i f t w i l l 
exceed liO m i c r o v o l t s i n t h r e e d a y s ; i n t h e s e c a s e s d a i l y c h e c k o u t s a r e 
c a l l e d f o r . Those a m p l i f i e r s t h a t a r e r a t e d U n a c c e p t a b l e s h o u l d be 
r e p a i r e d o r r e p l a c e d i f p o s s i b l e . 
I n o r d e r t o d i a g n o s e an a m p l i f i e r , i t i s s u g g e s t e d t h a t a h i s t o r y 
of c h e c k o u t d a t a f o r a two-week p e r i o d ( t e n w o r k d a y s ) be a c c u m u l a t e d 
I n i t i a l l y w i t h s a m p l e s of t h r e e z e r o - o f f s e t r e a d i n g s b e i n g t a k e n t w i c e a 
T a b l e 1 1 . D i a g n o s t i c D e c i s i o n Ru les and A s s o c i a t e d P r o c e s s C o n t r o l s f o r O p e r a t i o n a l A m p l i f i e r s 
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95 p e ^ c e n t of n o i s e - a m p l i t u d e 
v a l u e s < 20 m i l l i v o l t s . 
A l l c h e c k o u t s g i v e r e a d a b l e z e r o -
o f f s e t v a l u e s . 
No z e r o - o f f s e t r e a d i n g s a r e o f f - s c a l e . 
D i s p e r s i o n a p p r o x i m a t e l y c o n s t a n t . 
S— < 30 m i c r o v o l t s * x — 
95 p e r c e n t of n o i s e - a m p l i t u d e 
v a l u e s < - 2 0 m i l l i v o l t s . 
A l l c h e c k o u t s g i v e r e a d a b l e z e r o -
o f f s e t v a l u e s . 
S e v e r a l o f f - s c a l e z e r o - o f f s e t 
r e a d i n g s , b u t no more t h a n 20 p e r 
c e n t of t o t a l * 
D i s p e r s i o n a p p r o x i m a t e l y c o n s t a n t 
a l t h o u g h g e n e r a l l y l a r g e ( S ^ > 30 





S e t c o n t r o l - c h a r t l i m i t s - 3S— from x z e r o . 
R e a d j u s t z e r o o f f s e t t o z e r o a f t e r 
each s a m p l e . 
Take t h r e e r e a d i n g s p e r s a m p l e . 
Sample a f t e r t h e f i r s t o p e r a t i n g hour 
e v e r y Monday. 
I f sample a v e r a g e i s out- of c o n t r o l , 
sample a g a i n t h e n e x t day* 
Repeat p r o c e s s 5 t h r o u g h o u t week; i f 
sample a v e r a g e c o n t i n u e s t o be o u t of 
c o n t r o l , t h e n r e d i a g n o s e , 
R e a d j u s t z e r o o f f s e t t o z e r o a f t e r 
each s a m p l e . 
Take t h r e e r e a d i n g s p e r s a m p l e . 
Sample a f t e r t h e f i r s t o p e r a t i n g hour 
e v e r y Monday and Wednesday i f t h r e e -
day 90 p e r c e n t d r i f t i s l e s s t h a n 
1+0 m i c r o v o l t s , 
I f t h e t h r e e - d a y s a m p l e - a v e r a g e d r i f t 
i s g r e a t e r t h a n 1+0 m i c r o v o l t s , check 
d a i l y . A m p l i f i e r s w i t h d r i f t s g r e a t e r 
t h a n 90 m i c r o v o l t s p e r day a r e t o be 
c o n s i d e r e d u n a c c e p t a b l e . 
U n a c c e p t a b l e 1 . N o i s e - a m p l i t u d e l e v e l > 20 m i l l i v o l t s . 1 . 
2* S e v e r a l c h e c k o u t s a r e n o t r e a d a b l e . 2* 
3 , O f f - s c a l e r e a d i n g s o c c u r f r e q u e n t l y * 3 . 
No c o n t r o l l i m i t s o r c h e c k o u t p rogram. 
Repa i r o r r e p l a c e * 
I f c i r c u m s t a n c e s f o r c e i t s u s e i n t h i s 
c o n d i t i o n , such an a m p l i f i e r s h o u l d be 
used p r e c e d i n g i n t e g r a t o r s , and t h e n 
should be checked b o t h p r i o r t o and 
a f t e r u s e . 
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day ( e . g . , a t 9 a . m . and 5 p . m . ) d u r i n g t h i s p e r i o d . A l s o , a s i n g l e 
n o i s e - a m p l i t u d e r e a d i n g s h o u l d be r e c o r d e d whenever a z e r o - o f f s e t sample 
i s t a k e n * T h i s w i l l p r o v i d e 20 sample s e t s w i t h wh ich t o e s t i m a t e t h e 
p r o c e s s p a r a m e t e r s . Each a m p l i f i e r can t h e n be c a t e g o r i z e d a c c o r d i n g t o 
t h e d e c i s i o n r u l e s i n T a b l e 1 1 . On t h e b a s i s of t h e o b s e r v e d d a t a t h e 
s u g g e s t e d c o n t r o l t e c h n i q u e s c o u l d be a p p l i e d . Da ta from t h e s u c c e e d i n g 
c h e c k o u t p rogram c o u l d be a c c u m u l a t e d and used t o modify a s w e l l a s mon­
i t o r t h e p r o c e s s . 
Two c h e c k o u t s p e r day a r e s u g g e s t e d a s a compromise b e t w e e n p l a c i n g 
a b u r d e n on t h e a n a l o g compute r f a c i l i t y by r e q u i r i n g a d d i t i o n a l c h e c k o u t s 
i n t h e m i d d l e of i t s d a i l y o p e r a t i o n s o r , on t h e o t h e r hand , by h a v i n g 
t h e d i a g n o s t i c p e r i o d e x t e n d e d b e c a u s e o n l y one r e a d i n g p e r d a y was t a k e n . 
F i g u r e 16 p r e s e n t s z e r o - o f f s e t sample a v e r a g e s of d a t a c o l l e c t e d from an 
a m p l i f i e r a t 9 a . m 0 , 1 p . m . , and 5 p . m . ; t h e s e p l o t s ( b e l i e v e d t o be 
t y p i c a l ) i n d i c a t e t h a t t h e p a t t e r n s of r e a d i n g s a t 9 a . m . and 5 p . m . 
s h o u l d a d e q u a t e l y r e f l e c t t h e c h a r a c t e r i s t i c s of r e a d i n g s which might be 
t a k e n a t o t h e r t i m e s d u r i n g t h e d a y . 
Once a h i s t o r y has been o b t a i n e d f o r each a m p l i f i e r and I t s c o n ­
d i t i o n h a s been d i a g n o s e d , i t would p r o b a b l y be e x p e d i e n t t o c o l l e c t 
a m p l i f i e r s of a s i m i l a r t y p e i n t o g r o u p s , a n d a s s i g n t h e s e g roups t o com­
mon a m p l i f i e r p a n e l s . Each p a n e l c o u l d t h e n have a c h e c k o u t p rogram of 
i t s own. 
Checkout Program..—The a p p l i c a b i l i t y of t h e t e c h n i q u e o u t l i n e d i n T a b l e 
11 t o t h e d a t a c o l l e c t e d d u r i n g t h i s s t u d y may now be d e m o n s t r a t e d * The 
l o n g - t e r m and t h r e e - w e e k s e r i e s were t r e a t e d s e p a r a t e l y so t h a t s i x t e e n 
c a s e s were c o n s i d e r e d . T a b l e 1.2 g i v e s t h e r e s u l t s of t h i s a p p l i c a t i o n ; 
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F i g u r e 1 6 . P l o t s of Z e r o - O f f s e t Sample A v e r a g e s A c c o r d i n g t o t h e 
Time of Day: P a r t of Three-Week Da ta from A m p l i f i e r 1 2 . 
T a b l e 1 2 . A p p l i c a t i o n of D e c i s i o n Rules t o E s t a b l i s h t h e C o n d i t i o n and A s s o c i a t e d P r o c e s s C o n t r o l s f o r 
t h e O p e r a t i o n a l A m p l i f i e r s Under S t u d y 
P e r Cent o f T o t a l Number Z e r o - O f f s e t Samples 
A m p l i f i e r 
C o n d i t i o n 
D a t a 
S e r i e s 0 
N o i s e 
Ampl i t ude Ze ro -Of f se - b Samples 
Observed 
D i s p e r s i o n 
C o n t r o l 
L e v e l a 
Amp* > 20 M i l l i v o l t s U n r e a d a b l e Off Sca l e 3$-
X 
C l a s s I 
S t a b l e 
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S t a b l e 
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N o t e s : ( a ) M i c r o v o l t s . 
( b ) The d a t a summarized h e r e a r e from 17 June o n . 
( c ) L»T. = Long Term 
T.W. « Two Week 
9x 
t h e p e r c e n t a g e s shown a r e b a s e d on d a t a from t h e v a r i o u s t a b l e s i n Chap­
t e r I I I . The u p p e r and l o w e r c o n t r o l l i m i t s p l a c e d + 3S— from z e r o p r o -
v i d e s a t i s f a c t o r y l i m i t s f o r t h e o b s e r v e d r e a d j u s t e d d a t a ( F i g u r e s 8, 9, 
1 1 , and 1.2); i t i s e x p e c t e d t h a t t h e y would s e r v e e q u a l l y a s wel l , w i t h 
r e a d j u s t e d d a t a from t h o s e a m p l i f i e r s which were n o t r e a d j u s t e d d u r i n g 
t h e p r e s e n t s t u d y . U n f o r t u n a t e l y , o n l y s k e t c h y and i n c o n c l u s i v e d a t a a r e 
a v a i l a b l e on t h e z e r o - o f f s e t d r i f t w i t h a 3 - d a y l a g f o r A m p l i f i e r 26 ; 
F i g u r e 13 p r o v i d e s d a t a o n l y f o r c a s e s where i n t e r v e n i n g r e a d j u s t m e n t s 
t o o k p l a c e . The 90 p e r c e n t d r i f t l e v e l , f o r a l a g of one day i s so 
l a r g e t h a t a d a i l y r e a d j u s t m e n t would p r o b a b l y be r e q u i r e d a s a m a t t e r 
of c o u r s e f o r A m p l i f i e r 26* 
A compar i son of T a b l e 12 w i t h T a b l e 10, shows t h a t t h e p r o p o s e d 
d e c i s i o n r u l e s p r o d u c e r e s u l t s w h i c h a r e c o n s i s t e n t w i t h t h e o p i n i o n s 
of t h e t e c h n i c i a n who m a i n t a i n e d t h e equ ipmen t and who c o l l e c t e d most of 
t h e d a t a r e p o r t e d h e r e i n . 
CHAPTER V 
CONCLUSIONS 
O p e r a t i o n a l a m p l i f i e r s d i s p l a y such d i s t i n c t i v e i n d i v i d u a l t r a i t s 
t h a t no s i n g l e c o n t r o l t e c h n i q u e i s f e a s i b l e . The re a p p e a r s t o be no 
d i r e c t f u n c t i o n a l r e l a t i o n s h i p be tween a g i v e n n o i s e - a m p l i t u d e o b s e r v a ­
t i o n , a c o r r e s p o n d i n g z e r o - o f f s e t r e a d i n g , and t h e g e n e r a l c o n d i t i o n of 
t h e a m p l i f i e r i n q u e s t i o n , even t hough t o l e r a n c e l e v e l s on t h e s e r e a d i n g s 
d e t e r m i n e w h e t h e r o r n o t t h e a m p l i f i e r i s a c c e p t e d a s b e i n g i n w o r k i n g 
o r d e r . I t i s t h e h i s t o r y of t h e s e p a r a m e t e r s which p r o v i d e s a b a s i s f o r 
p r e d i c t i o n of a m p l i f i e r p e r f o r m a n c e d u r i n g a s u b s e q u e n t t ime i n t e r v a l . 
I n o r d e r t o know w h e t h e r a g i v e n a m p l i f i e r w i l l have a c c e p t a b l e n o i s e -
a m p l i t u d e and z e r o - o f f s e t v a l u e s t h r o u g h o u t a g i v e n p e r i o d , i t s p e r f o r m ­
ance p a r a m e t e r s f o r a l i k e p r e v i o u s p e r i o d must be known. 
Q u e s t i o n s posed i n t h e I n t r o d u c t i o n were c o n c e r n e d w i t h s e v e r a l 
a s p e c t s of o p e r a t i o n a l a m p l i f i e r s , n a m e l y : ( a ) p r e d i c t i o n of t h e d r i f t 
r a t e of t h e z e r o o f f s e t , (b ) f r e q u e n c y of r e a d j u s t m e n t of z e r o o f f s e t , 
( c ) c o r r e l a t i o n be tween z e r o o f f s e t and n o i s e a m p l i t u d e , (d ) e f f e c t s of 
e n v i r o n m e n t a l f a c t o r s , and ( e ) d e s i g n of an o p t i m a l c h e c k o u t p rog ram b a s e d 
on r e s u l t s of t h e p r e s e n t s t u d y . D i s c u s s i o n s on e a c h of t h e s e p o i n t s 
have a p p e a r e d i n t h e p r e v i o u s two c h a p t e r s and a r e summarized b e l o w . 
( a ) The re i s a marked t e n d e n c y f o r t h e z e r o - o f f s e t p r o c e s s . m e a n 
t o d r i f t , * t h e d r i f t r a t e and d i r e c t i o n a p p e a r t o be a f u n c t i o n of t h e 
i n d i v i d u a l a m p l i f i e r o n l y . W h i l e e n v i r o n m e n t a l f a c t o r s may a f f e c t t h i s 
r a t e , t h e l i m i t e d e v i d e n c e a v a i l a b l e s u g g e s t s t h a t t h e y s i m p l y c o n t r i b u t e 
t o t h e d i s p e r s i o n of v a l u e s a b o u t t h e p r o c e s s mean. T h i s d r i f t can o n l y 
be d e t e r m i n e d by examin ing z e r o - o f f s e t sample a v e r a g e s t a k e n d a i l y f o r a 
p e r i o d of two o r more weeks , where t h e z e r o - o f f s e t v a l u e s a r e n o t r e a d j u s t e d 
t o z e r o . F o r example , F i g u r e s 11a and 12a shov a d r i f t r a t e of a b o u t - 1 , 
- 3 , and -2 m i c r o v o l t s p e r day f o r A m p l i f i e r s 12 , 1 7 , and 29 , r e s p e c t i v e l y . 
The d a t a shown i n F i g u r e s Ga and 9a s u g g e s t t h a t t h e p r o c e s s of r e a d j u s t ­
ment may change t h e d r i f t d i r e c t i o n , t h o u g h i n g e n e r a l t h e r a t e r ema ins 
s e n s i b l y c o n s t a n t . These l a t t e r d a t a a l s o s u g g e s t t h e p o s s i b i l i t y t h a t 
t h e d r i f t r a t e may change w i t h t h e v a l u e of t h e z e r o - o f f s e t p r o c e s s mean. 
T h e r e f o r e , w h i l e t h e d r i f t of t h e p r o c e s s mean can be u sed t o p r e d i c t t h e 
g e n e r a l ( s t a t i s t i c a l ) p e r f o r m a n c e of an a m p l i f i e r wh ich i s n o t r e a d j u s t e d , 
and w h i l e t h e s t a t i s t i c a l p e r f o r m a n c e of a r e a d j u s t e d a m p l i f i e r can a l s o 
be p r e d i c t e d , i n d i v i d u a l , r e a d i n g s c a n n o t be p r e d i c t e d e x c e p t a s b e i n g 
w i t h i n t h e p r o c e s s - m e a n d i s p e r s i o n l i m i t s , 
(b) R e a d j u s t m e n t of t h e z e r o o f f s e t n o t o n l y b r e a k s up t h e d r i f t 
p a t t e r n b u t a l s o p l a c e s t h e p r o c e s s mean n e a r z e r o . Because t h e r e i s a 
m e a s u r a b l e d r i f t and b e c a u s e i t i s a d v a n t a g e o u s t o o p e r a t e i n t h e n e a r -
z e r o r e g i o n , i t a p p e a r s d e s i r a b l e t h a t t h e o f f s e t be r e a d j u s t e d t o z e r o 
a f t e r e a c h c h e c k o u t . 
( c ) The re d o e s n o t a p p e a r t o be any c o r r e l a t i o n be tween t h e n o i s e -
a m p l i t u d e and t h e z e r o - o f f s e t r e a d i n g s t a k e n a t a g i v e n t i m e . I n a d d i t i o n , 
an a m p l i f i e r may have an a c c e p t a b l e n o i s e - a m p l i t u d e h i s t o r y w h i l e h a v i n g 
an u n a c c e p t a b l e d r i f t h i s t o r y , and v i c e v e r s a . 
(d ) I t has been shown t h a t n o t - r e a d j u s t e d z e r o - o f f s e t r e a d i n g s 
do c o r r e l a t e w i t h t h e room t e m p e r a t u r e ove r a p e r i o d of a b o u t a d a y . 
T h i s c o r r e l a t i o n becomes l e s s marked w i t h t i m e so t h a t i t i s n o t n o t i c e a b l e 
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a t t h e end of t h r e e weeks„ No t e m p e r a t u r e c o r r e l a t i o n was d e t e c t e d i n 
t h e r e a d j u s t e d d a t a 0 Power-^Supply v o l t a g e s d i d n o t c o r r e l a t e w i t h z e r o -
o f f s e t o r n o i s e - a m p l i t u d e d a t a I n e i t h e r case , , 
( e ) A c h e c k o u t p rogram h a s been d e s i g n e d a round a s y s t e m f o r 
d i a g n o s i n g t h e c o n d i t i o n of each a m p l i f i e r „ . T h i s I s b a s e d on t h e p r e m i s e 
t h a t t h e o b s e r v e d a m p l i f i e r c o n d i t i o n w i l l change b u t l i t t l e be tween 
c h e c k o u t s , and t h a t t h e c h e c k o u t s w i l l c o n t r i b u t e t o a p r o g r e s s i v e l y more 
comple t e p i c t u r e of t h e a m p l i f i e r 3 s c o n d i t i o n , , Changes I n t h e p r o c e s s 
a r e I n d i c a t e d when c h e c k o u t s g i v e r e a d i n g s o u t s i d e e s t a b l i s h e d c o n t r o l 
l i m i t s 9 A p e r i o d i c ( e o g 0 ^ e v e r y s i x months ) r e - e v a l u a t i o n of e v e r y a m p l i ­
f i e r ' s c o n d i t i o n may be n e c e s s a r y „ A s u g g e s t e d p rogram i s o u t l i n e d i n 




Because t h e r e s u l t s of t h i s s t u d y a r e b a s e d upon a somewhat l i m ­
i t e d number of o p e r a t i o n a l a m p l i f i e r s , i t i s recommended t h a t t h e c h e c k o u t 
p rogram o u t l i n e d i n C h a p t e r IV be employed on a l a r g e s c a l e by an a n a l o g 
compute r f a c i l i t y f o r a p e r i o d of a t l e a s t one y e a r . T h i s s h o u l d u n c o v e r 
p o s s i b l e u n d e t e c t e d p e c u l i a r i t i e s i n t h e p e r f o r m a n c e of o p e r a t i o n a l a m p l i ­
f i e r s a s w e l l a s any u n f o r e s e e n d i f f i c u l t i e s i n a p p l y i n g t h e p r o g r a m . 
S p e c i f i c e f f o r t s s h o u l d be made t o answer such q u e s t i o n s a s ( a ) w h e t h e r 
o r n o t t h e d e c i s i o n r u l e s s e t f o r t h h e r e i n a r e a t t h e c o r r e c t l e v e l , and 
(b ) w h e t h e r o r n o t t h e c o n t r o l l i m i t s w i l l d e t e c t a change i n t h e p r o c e s s 
z e r o - o f f s e t l e v e l . 
I t i s f u r t h e r recommended t h a t an i n t e n s i v e s t u d y be p e r f o r m e d , 
s i m i l a r t o t h e p r e v i o u s l y d e s c r i b e d t h r e e - w e e k s e q u e n c e b u t o v e r a l o n g e r 
p e r i o d of t i m e and w i t h t h e r o l e s of t h e r e a d j u s t e d and n o t - r e a d j u s t e d 
a m p l i f i e r s i n t e r c h a n g e d midway t h r o u g h t h e p e r i o d . T h i s c o m p a r a t i v e 
s t u d y s h o u l d answer t h e q u e s t i o n of w h e t h e r o r n o t r e a d j u s t m e n t a f f e c t s 
t h e d i s p e r s i o n of t h e z e r o - o f f s e t sample a v e r a g e s . 
I t i s a l s o p r o p o s e d t h a t any c o n t i n u i n g e f f o r t i n c l u d e an e v a l ­
u a t i o n of comput ing e r r o r s c a u s e d by z e r o o f f s e t and n o i s e i n o p e r a t i o n a l 
a m p l i f i e r s . T h i s p r o b l e m c o u l d be i n v e s t i g a t e d by s e t t i n g up and t e s t i n g 
a t y p i c a l compute r p rogram (one f o r wh ich t h e s o l u t i o n i s a c c u r a t e l y known) 
i n c o r p o r a t i n g o p e r a t i o n a l a m p l i f i e r s whose c o n d i t i o n s have b e e n t h o r o u g h l y 
s t u d i e d . 
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F i n a l l y , i t i s s u g g e s t e d t h a t t h e p r e s e n t z e r o - o f f s e t m e t e r be 
r e p l a c e d by an i n s t r u m e n t w i t h a s c a l e which c o v e r s a more e x t e n d e d r a n g e . 
T h i s improvement would p e r m i t more p r e c i s e s t u d y of a m p l i f i e r d r i f t p a t t e r n s 
which migh t w e l l r e v e a l , c h a r a c t e r i s t i c f r e q u e n c y d i s t r i b u t i o n s of z e r o 
o f f s e t , e i t h e r f o r a m p l i f i e r s a s a c l a s s o r f o r i n d i v i d u a l u n i t s . 
APPENDIX 
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DATA .FROM PANEL 2 3 1 * 
Power - Room 
A m p l i f i e r 12 A m p l i f i e r 16 A m p l i f i e r 17 A m p l i f i e r 19 S u p p l y Temp. 
Da te X A X A X A X A V o l t s 
Feb . + 55 3 + 10 4 _ 5 3 _ 10 10 
10 + 6o + 5 0 - 10 
+ 55 + 5 - 5 - 10 
11 + 35 4 - 5 3 - 5 4 0 9 
+ 30 0 0 + 5 
+ 35 - 5 - 5 + 10 
12 + 5 4 + 5 4 - 5 6 0 9 
+ 5 - 5 - 5 + 5 
0 - 10 - 5 + 5 
14 + 75 3 - 3 + 5 5 + 10 9 
+ 75 - 5 0 + 10 
+ 70 - 10 0 + 10 
16 +. 10 4 - 10 4 0 6 + 20 8 
+ 5 - 10 0 + 20 
+ 5 - 10 + 5 + 10 
IT + 55 5 - 5 4 + 5 7 + 10 9 
+ 50 - 30 + + 5 
+ 45 - 10 + 5 + 10 
18 >+100 3 - 15 3 - 5 5 - 10 8 
>+100 - - 5 - 5 
> f l 0 0 - 20 - 5 - 10 
23 - 60 3 - 50 3 - 30 5 - 25 8 -250 
- 6o - 45 - 30 - 20 +250 
- 70 - 55 - 30 - 20 
24 - 90 3 - 45 3 - 20 5 - 20 10 -2.49.8 
- 90 - 50 + 50 - 20 + 2 5 0 . 6 
- 75 - 50 - 30 - 20 
25 - 90 4 - 10 3 - 25 6 - 10 8 - 2 5 0 . 2 
- 90 - 5 - 30 - 5 + 2 5 0 . 4 
-100 - - 35 - 5 
26 - 95 4 + 10 3 - 30 6 - 10 10 - 2 5 0 . 0 
- 90 + 10 - 45 - 10 +2.50.4 
- 90 + 5 - 25 - 10 
X = Z e r o - O f f s e t R e a d i n g s i n M i c r o v o l t s . 
A = N o i s e A m p l i t u d e i n M i l l i v o l t s . 
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PANEL 2 3 1 ( C o n t . ) 
Power- Room 
A m p l i f i e r 12 A m p l i f i e r 16 A m p l i f i e r 17 A m p l i f i e r 19 S u p p l y Temp. 









4 - 40 
- 25 
- 40 
7 - 15 
- 10 
- 10 







4 + 4o 
+ 45 
+ 25 
4 - 35 
- 35 
- 15 
6 - 15 
- 25 
- 15 
8 - 2 5 0 . 0 
+ 2 5 0 . 3 
9 - 90 
-100 
-100 
4 - 25 
0 
0 
4 - 15 
- 40 
- 50 
6 - 25 
- 15 
- 25 
8 - 2 5 0 . 1 
+ 2 5 0 . 4 






5 - 25 
- 25 
- 10 
6 - 5 
- 5 
- 5 
100 - 2 5 0 . 0 












 5 0 
0 
- 5 
5 - 20 
- 15 
- 10 
7 - 25 
- 10 
- 10 
8 - 2 5 0 . 1 
+ 2 5 0 . 4 






5 - 15 
- 4o 
- 15 
7 - 10 
- 10 
- 10 
8 - 2 5 0 . 2 
+ 2 5 0 . 4 
13 - 50 
- 50 
- 50 
4 - 4o 
- 40 
- 40 
4 - 30 
- 50 
- 50 
5 - 45 
- 45 
- 55 
8 - 2 5 0 . 1 
+ 2 5 0 . 2 
19 - 45 
- 50 
- 45 
5 - 20 
- 30 
- 35 
6 - 15 
- 10 
- 20 
6 - 1 5 
- 25 
- 20 
200 - 2 5 0 . 0 
+ 2 5 0 . 4 
20 - 4o 
- 45 
- 50 
4 - 15 
- 15 
- 15 
4 - 5 
- 15 
- 25 
6 - 25 
- 30 
- 25 
490 - 2 4 6 . 4 
+250 .2 
2 1 - 40 
- 45 
- 30 
4 + 10 
+ 10 
+ 10 
4 - 20 
- 30 
- 30 
6 + 5 
0 
0 
10 -249 -2 
+ 2 5 0 . 1 
23 - 35 
- 45 
- 45 
3 + 20 
+ 25 
+ 25 
3 - 10 
- 10 
- 15 
6 + 15 
+ 10 
+ 15 
10 - 2 5 0 . 1 
+ 2 5 0 . 6 
24 - 50 
- 50 
- 45 
4 + 15 
+ 20 
+ 20 
3 - 15 
- 10 
0 
6 + 5 
+ 10 
+ 10 
10 - 2 5 0 . 2 
+ 2 5 1 . 1 
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PANEL 231 ( C o n t . ) 
Power- Room 
A m p l i f i e r 12 A m p l i f i e r 16 A m p l i f i e r 17 A m p l i f i e r 19 Supp ly 
Date X A X A X A X A V o l t s 
Mar. - 40 3 0 3 - 1.0 6 + 5 11 - 2 5 0 . 2 
25 - 45 + 5 - 10 + 10 + 2 5 0 . 6 
- 50 0 - 15 + 5 
26 - : 4 5 3 - 10 3 - 20 6 5 10 - 2 5 0 . 1 
- 50 - 10 - 20 - 5 + 2 5 0 . 6 
- 45 - 5 - 25 0 
27 - 55 3 - 10 3 - 30 6 5 10 - 2 5 0 . 1 
- 55 - 10 - 30 0 + 2 5 0 . 6 
- 50 - 15 - 25 + 5 
30 - 60 3 + 5 3 - 35 6 0 10 - 2 5 0 . 1 
- 65 - 15 - 35 - 5 + 2 5 0 . 6 
- 60 - 15 - 35 0 
Apr . - 55 3 + 5 3 - 10 6 + 10 10 - 2 4 9 - 8 
1 - 55 + 5 - 55 + 10 + 2 5 0 . 3 
- 50 + 5 - 10 - 10 
3 - 90 3 - 15 3 - 55 6 15 10 - 2 4 9 - 9 
- 90 - 15 - 80 - 10 + 2 5 0 . 2 
-100 - 10 - 75 - 10 
6 - 80 3 + 15 3 - 65 6 5 11 - 2 4 9 . 8 
- 85 + 10 - 70 0 +250 .2 
- 90 + 10 - 60 0 
7 - 55 3 0 3 - 20 6 + 5 17 - 2 4 9 - 7 
- 90 + 5 - 50 + 5 +250 .2 
- 85 + 5 - 55 + 5 
8 -100 5 + 10 5 - 60 7 0 10 - 2 4 9 . 8 
-105 + 5 - 65 - 5 + 2 5 0 . 2 
-105 0 - 65 0 
9 < -100 3 - 45 3 < -100 6 50 11 - 2 4 9 . 8 
< -100 - 45 < -100 - 45 + 2 5 0 . l 
< - 1 0 0 - 50 < -100 - 45 
22 0 3 - 5 3 0 6 5 10 -250.O 
0 - - 5 - 5 + 2 5 0 . 6 
0 - - 5 - 5 
24 0 7 - 5 5 0 7 5 10 - 2 5 0 . 0 
0 0 - 5 0 + 2 5 0 . 5 
0 - 5 - 10 - 10 
64 
PANEL 231 ( C o n t . ) 
Power- Room 
Date 
A m p l i f i e r 
X 
12 A m p l i f i e r 
A X 
16 A m p l i f i e r 17 A m p l i f i e r 19 
A X A X A 
Supp ly 
V o l t s 
Temp, 
°C 
May + 10 6 0 6 + 10 7 + 5 10 - 2 5 0 . 0 2 9 . 8 
1 + 40 + 5 + 15 0 +250 .5 
+ 4o + 5 + 5 0 
6 - 5 5 - 10 5 + 30 7 - 10 11 - 2 4 9 . 6 2 9 . 8 
+ 5 + 5 + 15 - 10 +250 .4 
+ 5 0 + 20 - 4o 
8 0 5 0 5 + 10 7 + 10 10 - 2 4 9 - 7 27 -0 
+ 5 0 + 10 + 5 + 2 5 0 . 4 
0 - 10 + 25 + 10 
12 + 5 6 - 5 6 - 2 4 9 - 8 2 8 . 0 
(9am) 0 0 + 2 5 0 . 6 
+ 5 - 5 
(10am) 0 5 - 5 5 - 2 4 9 . 8 2 7 - 4 
- 5 - 10 + 2 5 0 . 4 
0 - 5 
( l l a m ) - 5 5 - 10 5 - 2 4 9 - 8 2 6 . 6 
0 - 10 + 2 5 0 . 6 
- 5 - 10 
( I 2 n ) - 5 5 - 5 5 - 2 4 9 . 8 2 6 . 7 
- 5 - 5 + 2 5 0 . 4 
- 5 - 5 
(1pm) 0 5 0 5 - 2 4 9 - 8 2 7 . 0 
- 5 + 10 + 2 5 0 . 4 
- 5 - 10 
(2pm) 0 4 + 5 4 - 2 4 9 . 8 2 7 . 9 
0 - 5 +250 .2 
- 5 0 
(3pm) 0 4 - 5 4 - 2 4 9 - 8 2 8 . 0 
0 - 5 + 2 5 0 . 3 
0 - 5 
(4pm) 0 4 - 10 4 - 2 4 9 . 8 2 8 . 2 
+ 5 - 5 + 2 5 0 . 3 
0 - 5 
(5pm) - 5 4 - 10 4 - 2 4 9 - 8 2 8 . 2 
+ 5 - 5 +250.2. 
+ 5 - 10 
13 - 10 4 - 10 5 - 2 4 9 . 9 2 5 . 8 
(9am) - 10 - 10 +25O.5 
- 5 - 10 
65 
PANEL 2 3 1 ( C o n t . ) 
Power- Room 
Date 
A m p l i f i e r 
X 
12 A m p l i f i e r 
A X 
16 A m p l i f i e r 
A X 





V o l t s 
Temp, 
°C 
May 0 6 - 25 6 - 2 4 9 . 9 2 6 . 3 
13 - 5 - 15 +250 .4 
(10am) - - 20 
( l l a m ) - 5 - 10 - 2 4 9 . 9 2 6 . 9 
0 - 25 +250 .2 
- 5 - 15 
( l 2 n ) - 5 5 - 30 4 -249•6 2 7 . 2 
- - 25 + 2 5 0 . 3 
- 5 - 30 
(lpm) 0 5 - 10 4 -249-6 2 7 . 5 
+ 5 0 +250 .2 
+ 5 - 10 
(2pm) + 5 5 - 5 4 -249 -6 2 7 . 9 
+ 10 - 5 +250 .2 
+ 5 - 10 
(3pm) + 10 6 - 20 6 + 1 0 7 + 1 0 9 - 2 4 9 . 6 2 8 . 0 
+ 10 - 25 + 10 + 5 +250 .2 
+ 5 - 20 + 10 + 10 
(4pm) + 25 6 - 10 6 -249•6 2 8 . 5 
+ 25 - 10 + 2 5 0 . 1 
+ 15 - 10 
(5pm) + 25 6 0 5 - 2 4 9 . 6 2 8 . 9 
+ 25 0 + 2 5 0 . 1 
+ 15 - 10 
14 0 5 - 25 4 - 2 4 9 . 9 2 9 . 2 
(9am) + 5 - 10 +250 .5 
+ 5 - 5 
(10am) 0 5 - 15 4 - 2 4 9 . 8 2 4 . 7 
0 - 10 + 2 5 0 . 6 
0 - 10 
( l l a m ) 0 5 - 10 5 - 2 4 9 - 8 2 5 . 3 
- 5 - 25 +250 .5 
+ - 5 
( I 2 n ) + 5 5 - 10 5 - 2 4 9 . 8 2 5 . 9 
+ 5 - 10 + 2 5 0 . 4 
0 - 10 
( lpm) + 10 5 - 10 5 - 2 4 9 - 8 2 5 - 9 
+ 10 - 15 + 2 5 0 . 4 
+ 10 - 25 
66 
PANEL 2 3 1 ( C o n t . ) 
Da te 
A m p l i f i e r 12 A m p l i f i e r 
X A X 
16 A m p l i f i e r 
A X 
17 A m p l i f i e r 19 
A X A 
Power-
Supply 




May + 20 4 - 10 4 - 2 4 9 . 8 2 5 - 9 
l 4 + 10 - 15 +250 .4 
(2pm) + 25 - 10 
(3pm) + 25 5 - 20 4 + 20 6 + 1 0 8 - 2 4 9 - 7 2 6 . 1 
+ 10 - 15 + 4o + 10 + 2 5 0 . 3 
+ 25 - 10 + 10 + 25 
(4pm) + 15 5 - 10 4 - 2 4 9 • 7 2 6 . 4 
+ 25 - 10 + 2 5 0 . 2 
+ 20 - 15 
May - 20 5 - 60 4 - 20 6 - 25 10 -249•6 2 7 . 1 
15 - 15 - 50 - 25 - 30 +250 .0 
- 25 - 50 - 30 - 20 
20 - 5 5 - 25 4 + 15 7 - 50 14 - 2 4 9 . 8 2 6 . 9 
- 5 - 15 - 5 - 40 +250 .2 
- 5 - 10 - 15 - 40 
2 1 - 15 4 - 10 4 - 5 7 - 50 15 -249-6 2 9 . 4 
- 25 - 25 - 5 - 40 + 2 5 0 . I 
- 15 - 25 - 5 - 50 
22 - 30 4 - 20 4 0 6 - 20 13 - 2 4 9 . 8 2 7 . 8 
- 4o - 15 0 - 20 + 2 5 0 . 2 
- 30 - 15 - 25 - 10 
26 - 65 5 - 55 5 - 30 7 - 10 15 - 2 4 9 . 9 2 6 . 9 
- 70 - 45 - 25 0 + 2 5 0 . 4 
- 70 - 4o - 25 0 
27 - 4o 6 - 25 5 - 4o 6 - 35 11 -250.O 2 5 - 3 
- 50 - 25 - 4o - 10 + 2 5 0 . 6 
- 45 - 25 - 25 - 15 
J u n . - 50 4 - 4o 5 - 30 3 0 12 - 2 4 9 - 9 2 5 . 0 
4 - 70 - 45 - 45 0 + 2 5 0 . 4 
- 50 -100 - 45 0 
VJI
 
- 50 - 30 - - 4 5 + 25 - - 2 4 9 • 9 2 4 . 4 
- 60 - 30 - 55 + 20 + 2 5 0 . 6 
- 60 - 4 5 - 50 + 25 
- 50 3 - 45 3 - 65 7 + 1 5 10 - 2 5 0 . 2 2 2 . 4 
(9am) - 45 - 50 - 50 + 10 + 2 5 1 . 2 
- ^5 - k5 - 55 + 15 
67 
PANEL 2 3 1 ( C o n t . ) 
Power- Room 
A m p l i f i e r 12 A m p l i f i e r 16 A m p l i f i e r 17 A m p l i f i e r 19 Supply . Temp. 
Date X A X A X A X A V o l t s °C 
J u n . - 10 4 0 4 - 15 7 + 35 10 - 2 5 0 . 1 2 4 . 1 
- 5 0 - 15 + 45 +250 .9 
(2pm) - 15 - 10 - 15 + 40 
(5pm) - 10 4 + 10 4 - 25 7 + 45 12 - 2 5 0 . 0 2 5 . 0 
- 15 + 10 - 15 + 30 + 2 5 0 . 7 
0 + 10 - 15 + 45 
16 0 5 + 25 4 - 10 7 + 50 11 - 2 5 0 . 2 2 2 . 3 
(9am) 0 + 35 - 10 + 70 + 2 5 1 . 2 
0 + 40 - 10 + 55 
(lpm) 0 4 + 15 4 - 15 7 + 50 14 - 2 5 0 . 1 2 4 . 0 
0 + 10 - 15 + 45 + 2 5 0 . 9 
0 + 10 - 10 + 45 
(5pm) 0 5 + 10 5 - 15 7 + 45 13 - 2 5 0 . 1 2 3 . 0 
0 + 10 - 15 + 45 + 2 5 1 . 0 
- 5 + 15 - 15 + 30 
17 - 5 5 0 5 - 20 7 0 10 - 2 5 0 . 2 2 2 . 7 
(9pm) - 5 + 5 - 15 0 + 2 5 1 . 1 
- 5 0 - 20 - 10 
(2pm) 0 5 0 5 - 25 7 - 15 10 - 2 5 0 . 0 2 2 . 5 
- 5 0 - 20 - 5 + 2 5 0 . 9 
0 + 5 - 20 - 10 
(5pm) - 5 5 - 7 - 20 7 - 10 10 -250.O 2 3 . 0 
+ 5 - - 25 - 5 + 2 5 0 . 8 
- 5 - - 35 - 10 
18 - 10 5 0 5 - 30 8 + 10 11 - 2 4 9 . 9 2 2 . 5 
(9am) - 5 + 10 - 15 + 5 +251.O 
- 5 + 10 - 20 + 10 
(lpm) - 10 5 0 5 0 8 0 12 -250.O 2 4 . 9 
- 10 0 - 15 0 + 2 5 0 . 8 
- 10 0 - 15 0 
(5pm) 0 5 + 5 5 - 25 7 0 9 -250.O 2 3 . 8 
0 0 - 20 0 + 2 5 0 . 8 
0 + 10 - 25 0 
19 - 25 4 - 15 4 - 25 6 .0 10 -249 - 9 2 1 . 9 
(9am) - 15 - 10 - 25 - 5 +251.O 
- 30 - 20 - 20 + 10 
(lpm) - 10 4 0 4 - 15 7 + 5 12 -250.O 2 3 . 7 
- 10 0 - 30 + 5 + 2 5 0 . 9 
- 5 0 - 20 0 
68 
PANEL 231 ( C o n t . ) 
Power- Room 
Da te 
A m p l i f i e r 
X 
12 A m p l i f i e r 
A X 
16 A m p l i f i e r 17 A m p l i f i e r 19 
A X A X A 
Supp ly 
V o l t s 
Temp. 
°C 
J i m . 0 4 + 5 4 - 5 6 + 10 16 -249-6 2 8 . 5 
22 0 + 10 - 10 + 25 + 2 5 0 . 4 
(9am) 0 - 5 + 5 + 15 
(1pm) - 15 4 - 4 - 20 7 - 15 12 - 2 5 0 . 2 2 4 . 5 
- 20 - - 35 - 15 + 2 5 1 . 3 
- 20 - - 40 - 15 
(5pm) - 20 4 - 15 4 - 50 7 - 15 12 - 2 5 0 . 2 2 4 , 0 
- 15 0 - 40 - 5 +251 .0 
- 10 0 - 45 - 15 
23 - 5 4 - 15 4 - 20 7 0 12 - 2 5 0 . 2 2 9 . 5 
(9am) - 10 - 10 - 25 + 5 + 2 5 0 . 8 
- 15 - 15 - 20 0 
(1pm) - 30 4 - 5 - 50 7 - 25 11 - 2 5 0 . 1 2 3 . 5 
- 45 - - 55 - 15 +251.O 
- 40 - - 50 - 15 
(5pm) - 30 4 + 15 4 - 55 7 - 20 12 - 2 5 0 . 2 2 3 . 5 
- 30 + 25 - 50 - 20 +251 .0 
- 25 + 20 - 55 - 15 
24 + 5 4 + 20 4 - ^5 7 + 30 11 - 2 5 0 . 0 2 8 . 0 
(9am) 0 + 35 - 40 + 25 +251.O 
0 + 25 - 40 + 10 
(4pm) - 10 4 + 25 4 - 35 7 + 10 11 - 2 5 0 . 2 2 3 . 0 
- 10 + 25 - 45 + 15 +251.O 
- 10 + 35 - 35 + 10 
25 - 10 4 + 25 4 - 40 7 + 20 11 - 2 5 0 . 2 2 2 . 0 
(10am) - 15 + 30 - 45 + 20 +251.O 
- 10 + 4o - 40 + 15 
(1pm) - 10 4 - 4 - 45 7 0 11 - 2 5 0 . 2 2 3 . 0 
- 10 - - 30 0 +250 .9 
- 10 - - 35 0 
(5pm) - 5 4 0 4 - 25 7 0 8 - 2 5 0 . 1 2 4 . 0 
- 10 0 - 40 - 5 + 2 5 0 . 9 
- 5 - 20 - 45 0 
26 - 5 4 + 80 4 - 50 7 + 35 8 - 2 5 0 . 2 2 4 . 0 
(9am) 0 + .75 - 45 + 30 + 2 5 0 . 9 
0 + 75 - ^5 + 25 
(1pm) - 5 4 + 50 4 - 65 7 + 25 9 - 2 5 0 . 1 2 4 . 5 
- 5 + 60 - 4o + 15 + 2 5 0 . 8 
- 5 + 55 - 50 + 20 
69 
PANEL 231 ( C o n t . ) 
Power- Room 
Date 
A m p l i f i e r 12 A m p l i f i e r 
X A X 
16 A m p l i f i e r 17 A m p l i f i e r 19 
A X A X A 
Supply 
V o l t s 
Temp, 
°C 
J u n . 0 4 + 25 4 - 55 7 - 5 8 - 2 5 0 . 1 2 5 . 0 
26 0 + 20 - 55 - 10 +250 .9 
(5pm) - 5 + 20 - 50 - 5 
30 - 20 3 - 45 3 - 60 7 + 10 10 - 2 5 0 . 0 2 4 - 7 
( lpm) - 15 - 45 - 55 - 5 + 2 5 0 . 8 
- 15 - 30 - 75 0 
(5pm) - 15 4 + 5 4 - 65 7 - 5 10 -250.O 2 3 . 0 
- 25 + 25 - 50 - 10 +251 .0 
- 40 + 20 - 55 + 5 
J u l . - 10 5 - 50 5 - 60 7 + 5 16 - 2 5 0 . 0 2 5 . 0 
1 - 20 - 60 - 65 0 + 2 5 0 . 8 
(10am) - 25 - 60 - 75 0 
(lpm) - 15 5 - 45 5 - 70 7 0 10 -250.O 2 4 . 4 
- 25 - 50 - 65 0 + 2 5 0 . 8 
- 25 - 50 - 65 - 10 
(5pm) - 10 5 - 5 - 55 7 + 5 13 -250.O 2 5 . 1 
- 15 - - 55 + 5 +250 .9 
- 25 - - 55 + 10 
2 - 10 5 - 5 - 40 7 + 20 12 - 2 5 0 . 2 2 2 . 6 
(9am) - 10 - - 40 + 30 +251 .0 
- 10 - - 40 + 40 
(5pm) - 10 5 + 30 5 - 55 7 0 11 - 2 5 0 . 0 2 3 - 9 
- 10 - - 60 - 5 + 2 5 0 . 8 
- 10 + 15 - 50 - 5 
70 
DATA FROM PANEL 239* 
Power- Room 
A m p l i f i e r 2 1 A m p l i f i e r 26 A m p l i f i e r 29 A m p l i f i e r 30 Supp ly Temp. 
Date X A X A X A X A V o l t s 
F e b . - 10 4 + 15 9 _ 10 60 _ 40 10 
10 0 0 - 5 - 35 
- 5 + 10 - 10 - 25 
11 - 10 5 - 20 9 - 15 70 - 10 11 
- 10 - 15 - 20 - 15 
- 10 - 10 - 20 - 10 
12 - 20 6 - 25 11 - 25 80 - 15 13 
- 10 - 25 - 20 - 15 
- 15 - 25 - 20 - 15 
14 - 15 5 - 40 10 - 45 90 - 10 110 
- 25 - 35 - 50 - 15 
- 30 - 40 - 40 - 10 
16 - 10 5 - 60 10 - 55 80 - 30 160 
- 10 - 60 - 55 - 40 
+ 15 - 70 - 60 - 45 
17 +100 8 >+100 10 + 40 75 + 55 150 
> f l 0 0 >+100 + 25 + 50 
>+100 >+100 + 25 + 55 
18 +100 5 - 25 10 + 40 80 - 30 115 + 0 . 8 
+100 - 30 + 35 - 50 
+100 - 30 + 20 - 45 
23 0 5 - 5 9 + 5 95 - 160 -250 
- 25 - 1 5 - 25 - +250 
- 25 - 10 - 25 -
24 < -100 5 - 10 9 - 25 60 - 160 -250 
< -100 - 30 - 10 - +250 
< -100 - 10 - 10 -
_ 5 0 9 _ 15 70 - 150 - 2 5 0 . 0 
- 0 - 10 - +249•9 
- - 5 - 10 -
-* 
X = Z e r o - O f f s e t R e a d i n g s i n M i c r o v o l t s . 
A = No i se Ampl i tude i n M i l l i v o l t s . 
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PANEL 239 ( C o n t . ) 
Power- Room 
A m p l i f i e r 2 1 A m p l i f i e r 26 A m p l i f i e r 29 A m p l i f i e r 3° Supp ly Temp, 






5 + 10 
+ ko 
+ 10 
10 - 10 
- 10 
- 15 
110 - 150 - 2 4 9 . 8 
+249 .7 
27 + ko 
+ 10 
+ 15 
5 - 15 
- 25 
- ko 















9 - 80 
- 90 
- 75 
75 - 55 
- 55 
- 50 
13 - 2 4 9 . 8 
+ 2 4 9 . 8 






10 < -100 
< -100 
<-100 
80 - 30 
- 25 
- 25 
90 - 2 4 9 . 8 
+249-8 
10 < -100 
<-100 
< -100 
5 - 90 
- 75 
- 90 
10 < -100 
< -100 
<-100 
80 - 90 
- 90 
- 90 
85 - 2 4 9 . 7 
+ 2 4 9 . 8 
11 < -100 
<-100 
< -100 
5 - 75 
- 65 
- 75 
10 < -100 
< -100 
<-100 
80 < -100 
< -100 
<-100 
13 - 2 4 9 . 8 















13 + 25 
+ 10 
+ 20 
5 + 20 
+ 50 
+ 25 
10 + 20 
+ 10 
+ 25 
80 - ko 
- ko 
- ko 
13 - 2 4 9 . 8 
+ 2 5 0 . 1 
19 - 5 
- 5 
6 + 10 
+ 5 
- 5 
10 - 10 
- 10 
- 10 
100 - 30 
- ko 
- 45 
60 - 2 4 9 . 8 
+ 2 4 9 . 8 
20 + 30 
+ 30 
+ 25 
6 + 30 
+ 30 
+ 30 
1.1 + 20 
+ 15 
+ 25 
75 + 60 
+ 50 
+ 60 
13 - 2 4 9 . 6 




6 - 15 
- 15 
- 10 
15 - 10 
0 
0 
75 + 35 
+ 25 
+ 25 
12 - 2 4 9 . 8 
+ 2 4 9 . 8 
24 - 30 
- 25 
- 25 
6 - 35 
- ko 
- 30 
11 - 25 
- 30 
- 25 
70 - 10 
- 5 
- 10 
12 - 2 4 9 . 0 
+250 .0 
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PANEL 239 ( C o n t . ) 
Power- Room 
A m p l i f i e r 2 1 A m p l i f i e r 26 A m p l i f i e r 29 A m p l i f i e r 30 Supp ly Temp. 
Date X A X A X A X A V o l t s 
Mar. 20 6 - 25 13 - 25 85 - 15 16 - 2 5 0 . 0 
25 - 15 - 25 - 20 - 15 +250 .2 
- 20 - 20 - 20 - 10 
26 - 30 6 + 50 11 - 20 85 + 30 10 -249-9 
- 15 + 40 0 + 15 +250 .0 
- 10 + 35 0 + 15 
27 - 35 6 + 30 17 - 25 75 - 20 13 - 2 4 9 . 9 
- 25 + 40 - 25 - 15 +250 .0 
- 20 + 15 - 15 - 15 
30 - 15 7 - 5 11 - 40 80 + 5 13 - 2 4 9 - 8 
- 5 - 5 - 25 + 15 +250 .0 
0 - 20 - 25 + 10 
Apr . + 40 6 + 40 10 + 10 100 _ 5 13 -249 -7 
1 + 5 + 40 + 5 - 5 +249-8 
+ 10 + 30 + 10 - 10 
on + 55 6 r ^ i o o 10 + 60 120 + 50 15 - 2 4 9 - 8 
+ 60 >+100 + 75 + 75 +249-9 
+ 50 >+-10O + 75 + 50 
6 >flOO 5 - 20 10 >+100 125 + 40 17 - 2 4 9 - 7 
>+100 - 15 + 60 + 10 +249-9 
>+100 - 30 +100 + 20 
7 - 6 - 15 10 + 45 100 - 18 - 2 4 9 . 6 
- - 70 + 75 - + 2 4 9 . 9 
- - 45 + 90 -
Co
 
+ 50 7 - ^0 10 - 90 - 35 - 2 4 9 . 8 
+ 40 - 40 - - + 2 4 9 . 9 
- - 45 - -
9 >+aoo 5 + 70 9 + 65 80 +100 12 - 2 4 9 . 8 
>flOO + 80 + 50 +100 + 2 4 9 . 9 
>+-100 + 90 + 75 >+100 
22 - 4 + 75 9 +100 10 + 55 13 - 2 5 0 . 0 
- + 90 +100 + 70 + 2 5 0 . 3 
- + 40 +100 + 55 
24 + 90 4 + 75 9 + 80 90 + 35 21 - 2 5 0 . 0 
- + 50 + 80 + 40 +250 .2 
- + 60 + 85 + 45 
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PANEL 239 ( C o n t . ) 
Power- Room 
Date 
Ampl i f i 
X 
e r 2 1 A m p l i f i 
A X 
3T 26 A m p l i f i 
A X 
e r 29 A m p l i f i e r 30 
A X A 
Supply 














100 - 90 
- 90 
< -100 
31 - 2 4 9 . 8 
+250 .0 
































160 + 55 
+ 60 
+ 60 
12 - 2 4 9 . 5 
+249-8 
2 9 . 8 
CO - 25 
- 10 
- 10 
k < - 1 0 0 
- 70 
-100 
9 - 160 - 5 
+ 5 
0 
8 - 2 4 9 - 8 
+249-9 
27.O 





300 + 60 
+ 95 
+ 75 
1.1 - 2 4 9 . 8 
+249-8 









150 + 40 
+ 45 
+ 30 
13 - 2 5 0 . 0 
+250 .0 









130 + 55 
+ 50 
+ 55 
13 -249 -9 
+250 .0 
2 7 . I 
20 - 55 
- 90 
-100 
5 - 25 
- 5 
- 5 






13 - 2 5 0 . 0 
+250 .0 




5 + 70 
+ 60 
+ 50 
10 + 4o 
+ 50 
+ 4o 
130 + 4o 
+ 40 
+ 40 
35 - 2 4 9 - 8 
+249-8 
















5 - 50 
- 65 
- 70 
10 + 25 
+ 25 
+ 30 
150 - 10 
- 15 
- 10 
35 - 2 4 9 . 9 
+ 2 5 0 . 0 















5 < -100 
-100 
< -100 
10 + 20 
+ 15 
+ 15 
125 - 20 
- 30 
- 20 
16 -249 • 9 
+250 .2 



















k + ko 
+ 20 
+ 30 
19 + 50 
+ 60 
+ 60 





2 5 - 3 
















5 + 70 
+ 60 
+ 50 
11 + 70 
+ 75 
+ 75 




+ 2 5 0 . 3 
2 5 . 0 
7h 
PANEL 239 (Con t . 
Power- Room 
Date 
A m p l i f i e r 
X 
21 A m p l i f i e 
A X 
r 26 A m p l i f i 
A X 
e r 29 A m p l i f i e r 30 
A X A 
Supp ly 
V o l t s 
Temp 
°C 
J u n . < -100 5 - 20 11. +100 150 + 10 15 -249 9 2 2 . 4 
15 <-100 - 4o + 100 + 20 +25O 2 
(9am) <-100 - 50 +100 + 10 
(2pm) - 5 + 50 11 - 10 130 + 25 15 -2.50 2 2 4 . 1 
- + 50 - 5 4- 25 +250 2 
- - - 1.0 + £5 
(5pm) >+-100 5 + 90 10 0 120 + 30 15 -2^0 0 25 0 0 
>+-100 + 60 0 + 25 +250 1 
>+100 + 70 0 + 30 
16 - 25 5 11 - 5 120 - 5 15 -250 2 2 2 - 3 
- - 50 + 5 - i +250 3 
- - 15 - 5 - 5 
(lpm) - 5 + 45 11 - 5 280 + 5 1.4 -250 0 2 4 . 0 
- + 30 - 5 + p +250 1 
- + 25 0 0 
(5pm) - 5 + 70 12 - 1.0 140 + 25 1,5 -250 .1 2 3 . 0 
- + 75 - 15 + 20 +250 2 
- + 90 - 10 + 10 
17 - 5 -100 12 - 25 150 - 15 15 -2.5O 0 2 2 . 7 
(9am) - -1.00 - 10 - 10 +2.5O 1 
- -1.00 0 - 10 
(2pm) +100 6 + 55 12 - 5 130 + 4$ 15 -250 1 2 2 . 5 
- + 70 - 10 + 2.0 
- + 50 - 5 + 25 
(5pm) >+100 6 >+1.00 12 + 25 120 + 90 15 -25O 0 2 3 . 0 
>+100 +100 + 35 + 90 +2.5O 2 
>+100 +100 + 35 + 85 
18 + 50 6 0 12 + 25 130 + 15 15 -2,49 9 22. op 
(9am) - + 5 + 20 + 15 +2,50 2 
+ 50 0 + 20 + 15 
(lpm) - 6 + 45 12 0 140 + 2,5 1.00 -25O 1 2.4 0 9 
- + 5 + 2,5 + 10 +2.50 ,0 
- + 5 - 5 + 10 
(5pm) - 5 +100 12 + 25 120 + 50 1.50 -2.5O 0 2.3.8 
- +100 + 25 + 50 +2.5O 0 
- +100 + 10 + 50 
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PANEL 239 ( C o n t . ) 
Power- Room 
A m p l i f i e r 2 1 A m p l i f i e r 26 A m p l i f i e r 29 A m p l i f i e r 30 S u p p l y Temp. 
Da te X A X A X A X A V o l t s °C 
J u n . 
19 
(9am) 
- 5 -100 
-100 
-100 
10 + 5 
+ 5 
4- 15 





2 1 . 9 
(lpm) 5 + 50 
+ .35 
+ 50 
11 + 10 
+ 5 
+ 5 
130 + 5 
4- 10 
+ 5 
30 -249 -8 
+250 .0 
2 3 . 7 
22 
(9am) 
— 5 - 15 
- 10 
- 20 
12 + 15 
4- 15 
4- 2.0 
110 - 5 
0 
0 
30 - 2 4 9 - 8 
+25O.O 
2 8 . 5 
(lpm) 5 + 40 
+ 15 
+ 25 
12 +• 5 
4- 10 
+ 5 
110 + 5 
4- 10 
4- 20 
22 - 2 5 0 . 2 
+250 .2 
2 4 . 5 
(5pm) 
-
5 + 15 
+ 40 
+ 25 
12 4- 10 
0 
+ 5 
12.0 - 20 
+ 5 
0 
16 - 2 5 0 . 0 
+25.0.0 
2 4 . 0 
23 
(9am) 
+ 10 5 - 50 
- 45 
- 45 
17 4- 10 
+ 20 
+ 15 
110 - 35 
- 35 
- 35 
180 - 2 5 0 . 2 




5 + 25 
+ 25 
+ 25 
11 4- 10 
4- 10 
+ 5 






5 + 50 
+ 60 
+ 60 
12 + 10 
0 
0 
140 180 - 2 5 0 . 3 










12 4- 10 
4- 5 
+ 5 
130 - 5 
0 
0 
80 - 2 5 0 . 2 
+ 2 5 0 . 4 
2 8 . 0 






11.0 4- 30 
+ 35 
4- 40 
130 - 2 5 0 . 3 
+250 .4 
2 3 . 0 
25 
(10am) 






110 - 15 
- 2.0 
- 20 
240 - 2 5 0 . 1 
+250 .2 
2 2 . 0 
(lpm) - 5 + 5 
4 20 
4- 30 
12 4- 10 
+ 15 
+ 5 





2 3 . 0 
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PANEL 239 ( C o n t . ) 
Power- Room 
Date 
A m p l i f i e r 
X 
2 1 A m p l i f i e r 2.6 A m p l i f i 
A X A X 
e r 29 A m p l i f i e r 30 
A X A 
Supply 
V o l t s 
Temp, 
°G 
J u n . >+100 5 + 4o 12 C 120 + 20 220 - 2 5 0 . 0 2 4 . 0 
25 >+100 + ko G + 25 +250 .0 
(5pm) >+100 + 25 C + 30 
26 - 5 - 55 11 + 20 iko - 5 70 - 2 5 0 . 3 2 4 . 0 
(9am) - - 50 + 20 - 5 + 2 5 0 . k 
- - 55 + 10 - 5 
(1pm) - 5 - 30 12 + 5 100 0 80 - 2 5 0 . 2 2 4 . 5 
- - .10 + 10 - 5 +2.50.3 
- - 20 , + 10 0 
(5pm) - 5 + 35 11 0 110 + 10 80 - 2 5 0 . 2 2 5 . 0 
- + 1+5 0 + 10 +250 .2 
- + 25 + 10 + 20 
30 - 5 - 25 11 - 20 150 - 25 150 -2.5O.2 2 4 . 7 
(lpm) - - 10 - 10 - ko +250 . 2 
- - 10 - 10 - 30 
(5pm) >+100 7 + ko 12 - 15 I.25 + 25 150 - 2 5 0 . 2 2.3.O 
>+100 + ko - 10 + 10 +25O.k 
>rlOO + 25 - 10 + 15 
J u l . >+100 6 - 55 12 - 10 130 0 150 - 2 5 0 . 1 2.5.0 
1 >+100 - 90 - 15 - 15 +250 .2 
(10am ) >+100 - 80 - 1.0 - 10 
(lpm) >+±0Q 6 - 60 12 - 10 1.00 + 15 I3O - 2 5 O . I 2 4 . 4 
>+100 - 55 0 + 15 +250 .2 
>flOO - 2.5 0 + 15 
(5pm) >+100 6 + 2,5 12 - 10 100 + 10 150 -25O.O 2 5 . 1 
>+100 + 25 - 15 + 10 +250 .2 
>+100 + 20 - 5 + 10 
2 _ 6 -100 12 - 10 120 - 45 1.6 -25O.I. 2 2 . 6 
(9am) - - 95 - 5 - 45 + 2 5 0 . 3 
- -100 - 5 - ko 
(5pm) >+100 6 + 80 12 0 110 + 4.5 15 -25O.1 2 3 . 9 
>+100 +100 - 5 + 15 + 2 5 0 . 2 
>+100 + 85 - 5 + 30 
77 
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